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Preface

anuary 31, 1958 marked a significant beginning

for space exploration. More than the historic
and successful launch of Explorer 1, the first U.S.
satellite, it was the beginning of an unprecedented
era of exploration and understanding of our own
planet and the distant worlds beyond. The more
we uncover about the mysteries and beauty of
space, the more we are inspired to go farther. Yet,
with all we have learned, we still cannot even imag-
ine what future generations will find.

Spacecraft from NASA and others have shown
us the intricacies within clouds and terrain of dis-
tant planets that were only a dot in an astronomer’s
telescope a few decades ago. We have seen the
birth of stars, black holes, and found exoplanets
orbiting stars in systems remarkably similar to ours.
Future missions will take us forward in history, as
we seek to uncover the very origins of our universe.

We may not know precisely what—or who—we
will find out there, but we can be sure that space
exploration will continue to surprise and inspire us,
as it did for those who came before and those who
will follow. Along the way there will be missteps,
some more devastating than others. That is the
price of doing what's never been done before—a
price that sometimes is tragically paid at the high-
est cost by the courageous. But like those early
days of the space program, we are as motivated
to succeed by the missions that do not make it as
those that do. And we learn from them, coming
back stronger and smarter.

In this book, the history of NASA’s six decades
of exploration beyond Earth and its Moon to other
planets and their moons is laid out. The story fol-
lows spacecraft to the Sun, comets, minor and
dwarfl planets and, ultimately, beyond our solar
system. As we marvel at the ingenuity of the early

pioneers of the Space Age, we realize how much

they achieved with what, comparatively, was so
little. Computers were human, and when the
machines did take over calculations, they also took
up entire rooms with processing capability less
than smartphones in your pockets today.

Yet some of NASAs greatest achievements
took place during this period: Mariner IV, which
took the first pictures of the surface of Mars
in 1965; the global view of Mars from Mariner
9 in 1971; and the Viking landers of the 1970s,
which executed the first planetary soft-landings of
American spacecraft. The crowning achievements
of America’s mid-century robotic space exploration
were the Pioneer and Voyager missions which were
sent to the far boundaries of our solar system using
early 1970s technology. As this is being written,
Voyager 1 and Voyager 2 continue to send us data
from beyond the outer planets from the boundary
region of the Sun’s sphere of influence, the helio-
sphere. But space does not belong to the United
States alone. We have evolved from the earliest
days of the Space Race, when being “first” brought
serious geopolitical consequences, to our current
era of international partnerships that have taken us
farther together than we could have gone alone.

In the modern era of exploration, which itself
will look outdated in a generation, we have discov-
ered the extraordinary rings and moons of Saturn
with NASA’s Cassini spacecraft and the Huygens
lander built by the European Space Agency. We
marvel at images of the swirling storms on Jupiter
sent back to Earth by our Juno mission. And we
constantly find new science from the Curiosity
rover that's been trekking across the surface of
Mars for more than five years.

Our robotic emissaries have made tremendous
journeys over the past six decades. They carry the

vision and inspiration of humankind beyond our
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physical ability to make the trip—yet. This book
celebrates the extraordinary men and women who
have looked up and wondered what's out there and
then found the answer. In only 60 years, our tech-
nology has evolved from a simple, modified Geiger
counter launched into Earth orbit to sublime tech-

nologies sending full-color, high-resolution images

and data from the edge of the universe. The next

60 should be exponentially rewarding.

— Dr. Thomas H. Zurbuchen
NASA Associate Administrator

at Science Mission Directorate



Introduction

umans abandoned their nomadic habits and

moved into settlements about 40 to 50 thou-
sand years ago. We have been using tools even
longer. But our ability to send one of our tools
into the heavens is of much more recent origin,
spanning only the past 60 years. Yet, in that time,
we have created new tools—we call them robotic
spacecraft—and sent them into the cosmos, far
beyond Earth. Of course, many never got very far.
That'’s the cost of hubris and ambition. But most
did. And many never came back to Earth and never
will. In that sense, we as a species have already
left a mark on the heavens; these small objects
that dot the cosmos are a permanent legacy of our
species, existing for millions of years, even if we
as a planet were to disappear. This book that you
hold in your hands (or are reading in digital form)
is a chronicle of all these tools, both failed and
successful, that humans have flung into the heav-
ens beyond Earth.

The text in front of you is a completely updated
and revised version of a monograph published in
2002 by the NASA History Office under the orig-
inal title Deep Space Chronicle: A Chronology of
Deep Space and Planetary Probes, 1958-2000. This
new edition not only adds all events in robotic deep
space exploration after 2000 and up to the end of
2016, but it also completely corrects and updates
all accounts of missions from prior years. The infor-
mation in the monograph is current as of mid-2017

when | completed writing.

What Does This Publication Include?

This monograph contains brief descriptions of all
robotic deep space missions attempted by humans
since the opening of the space age in 1957. The
missions are listed chronologically in order of their

launch dates (i.e., not their target body encounters).

Different people have different criteria for which
kind of spacecraft to include in a list of “deep space
probes.” In the list that follows, T have included all

spacecraft that satisfied the following guidelines:

1. Any probe that was launched to an “encounter”
with a “target.”

a. An “encounter” includes the following events:

i. flybys

ii. orbiting

iii. atmospheric entry and impacts

iv. soft-landing

b. “Targets” include the following:

i. the planets of the Solar System (Mercury,
Venus, Mars, Jupiter, Saturn, Uranus,
and Neptune)

ii. the Earth’s Moon

iii. minor planets or asteroids

iv. natural satellites of the planets and
asteroids

V. comets

vi. dwarf planets (such as Pluto)

2. Any probe that was deliberately sent into helio-
centric (solar) orbit.

3. Any probe that was sent into a halo (Lissajous)
orbit around any of the libration points involv-
ing Earth, the Moon, and the Sun.

4. Any probe that was launched as part of a science,
lunar, or planetary program to at least lunar dis-
tance in order to simulate a deep space trajec-
tory (such as, for example, Geotail, Zond 4, and

a few early Surveyor Model mockups).

I have included probes whether they succeeded in
their objectives or not. Thus, some probes never
got a few meters beyond the launch pad while
others are heading into the outer reaches of the

solar system.

xiii
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It should be noted that the criteria for inclu-
sion in this volume does not always coincide with
NASA’s own programmatic distinctions about what
constitutes a planetary science mission. For exam-
ple, this volume includes missions such as Wind,
ACE, MAP, and SIRTF, none of which was funded
through NASA’s solar system exploration line.
The criteria for inclusion here is simply whether
the mission was intended to operate beyond Earth
orbit and satisfied the above four requirements,
regardless of who funded it or what kind of science

it generated.

Where Is the Information From?
For statistical data on U.S. probes (such as launch
vehicle numbers, launch times, list of instruments,
etc.), I have used original NASA sources such as
Public Affairs releases, press kits, postflight mis-
sion reports, and official histories. These records
are deposited in the NASA Historical Reference
Collection at NASA Headquarters in Washington,
DC, or are available online at various NASA or
government databases. For missions after approx-
imately 2000, there is a proliferation of official
mission websites, hosted by the organization
sponsoring the missions, including, for example,
the Jet Propulsion Laboratory (JPL), the Applied
Physics Laboratory (APL), and the S. A. Lavochkin
Scientific-Production Association (or NPO imeni
Lavochkina). | have used these as primary sources
of information. For some of the initial Earth orbital
parameters of many deep space probes, a very useful
source has been the online newsletter “Jonathan’s
Space Report” prepared by Jonathan McDowell.

For Soviet/Russian sources, T have used only
Russian-language sources, such as the journal
Kosmicheskaya issledovaniya (Space Research),
official organizational histories, reliable memoirs,
or the semi-official journal Novosti kosmonavtiki
(News of Cosmonautics).

In the bibliography at the end of the mono-
graph, T list a few published secondary sources
that have been useful in verifying or framing data.

Every attempt has been made to present accurate

information, but with a project of this size and
scope, there will naturally be errors.

I have avoided as much as possible using unof-
ficial amateur Web sites (such as Wikipedia) or
secondary history books, such as Andrew Wilson’s
otherwise quite wonderful Solar System Log. These
sources are good for a quick overview but they often
reproduce errors (especially in timings, details, and
distances) that have now been repeatedly and erro-
neously propagated in the Internet era. The one
exception is Don Mitchell's excellent website on
Soviet lunar and planetary exploration, found at
hitp://mentallandscape.com/V_Venus.htm. 1 highly

recommend it.

What Kind of Information Have |
Included?

In terms of the mission descriptions, I have kept the
focus on dynamic mission events (course correc-
tions, orbital insertion, reentry, landing, equipment
deployment, etc.) rather than mission planning or
scientific results, although in many cases I have
included brief summaries of both. But T do not
make any claim to comprehensiveness in terms
of the scientific outcomes of the missions. This
monograph is more about what happened rather
than what was discovered. In the interest of space,
the mission descriptions have been kept relatively
short, filled with detail, and to the point.

Conflicting Information

There are many, many areas where different sources
have supplied different information, especially for
some early Soviet probes launched between 1960
and 1965. The precise instrument complement of
these probes (1M, 1V, 2MV, and 3MV series) is not
known very well because in many cases, scientific
instruments that were meant for the spacecraft
were removed before launch. T have listed all the
originally slated instruments meant for those vehi-
cles even if they were later removed before launch.
Undoubtedly, there are mistakes and inconsisten-
cies in the lists presented here but I have made

every effort to be as accurate as possible.
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A Note About Terminology

Mission Designations

Ihave made every attempt to use the names of
spacecraft and missions that were contempora-

neous to the time of the mission and assigned by the

agency or organization implementing the missions.

In the 1960s, NASA routinely used Roman
numerals for missions (Mariner IV, Mariner V, etc.)
in their official documentation, but these were dis-
continued in the 1970s. Readers will note that I
have used this convention for all missions until and
including 1970 but after that switched to Latin
numbers (Mariner 9, Mariner 10, etc.). This divi-
sion is somewhat arbitrary but was necessary not to
confuse readers.

The practice of giving spacecralt “official”
names is complicated by the fact that beginning
with the launch of Sputnik in 1957 and until the
late 1980s, the Soviet Union never announced or
acknowledged a mission if it failed to reach Earth
orbit. In addition, for those lunar and planetary
probes that did reach Earth orbit but failed to leave

it, the Soviets adopted two strategies:

® between 1960 and 1963, the Soviets simply
never admitted their existence and made no
announcement; and

® beginning November 1963, the Soviet media
began to give these stranded-in-Earth-orbit
spacecraft “Kosmos” numbers. So, the deep
space vehicle launched on 11 November 1963
that reached Earth orbit but failed to leave for
deep space was simply given the “next” Kosmos
number, in this case “21.” By giving it such a
nondescript name (“Kosmos 21”), Soviet offi-
cials sought to draw attention away from such
failures. This practice was followed well into
the late 1980s.

For both of these three types of missions, T have

used the following convention:

[Program, Spacecraft design designation, serial
number]

OR

Kosmos number [Program]

[ do not use terms such as “Marsnik 17 or “Mars
1960A” (listed in the National Space Science
Data Center, for example, to denote the spacecraft
launched on 10 October 1960). Since the Soviets
never used such names, it would be entirely inac-
curate to ascribe such designations. Such fictitious
names (such as “Sputnik 27”) unfortunately prolif-

erate online but are Western inventions.

Launch Sites
For Soviet and Russian launch sites, the following
conventions apply:

“Site A/ B” implies that the probe was launched
from Site A, Launch Unit B

Mission Goals

There are good reasons not to use terms such as
“flyby” or “flight” since spacecraft do not fly. As
one of the reviewers for this manuscript pointed
out, these terms are remnants of the era of aero-
nautics. As such, more appropriate terms would
be “swingby” (instead of “flyby”) and “mission”
(instead of “flight”). However, because terms
such as “flyby” and “flight” are still widely used by
many space agencies globally, this manuscript has

retained their use, despite their imprecise nature.
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Firsts

in the History of
Deep Space Exploration

Absolute Firsts
First attempt to launch a probe into deep space:
USA /Able 1 [Pioneer 0] / 17 August 1958

First probe to reach escape velocity:
USSR / Soviet Space Rocket [Luna 1]/
2 January 1959

First spacecraftto impact on another celestial body:

USSR / Second Soviet Space Rocket
[Luna 2]/ 14 September 1959 (Moon)

First successful planetary mission:
USA / Mariner II / 14 December 1962 (Venus)

First spacecraftto impact another planet:
USSR / Venera 3 /1 March 1966 (Venus)

First spacecraft to make a survivable landing on a
celestial body:
USSR/ Luna 9/ 3 February 1966 (Moon)

First spacecraftto orbit a celestial body other than
Earth or the Sun:
USSR/ Luna 10/ 2 April 1966 (Moon)

First successful planetary atmospheric entry probe:
USSR / Venera 4 / 18 October 1967 (Venus)

First liftoff from another celestial body:
USA / Surveyor VI / 17 November 1967 (Moon)

First transmission from the surface of another planet:
USSR/ Venera 7 / 15 December 1970 (Venus)

First robotic spacecraft to recover and return samples
from another celestial body:
USSR/ Luna 16/ 12-21 September 1970 (Moon)

First wheeled vehicle on another celestial body:
USSR / Lunokhod 1 / 17 November 1970 (Moon)

First spacecraft to fly through the asteroid belts:
USA / Pioneer 10 / out in February 1973

First spacecraft to use gravity assist to change its
interplanetary trajectory:
USA / Mariner 10 /5 February 1974 (at Venus)

First spacecraft to fly past multiple planets:
USA / Mariner 10 /5 February 1974 (Venus)
and 29 March 1974 (Mercury)

First spacecraft to transmit photos from the surface of
another planet:
USSR / Venera 10 /22 October 1975 (Venus)
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First spacecraftto orbit a libration point:
USA /ISEE-3 /20 November 1978 (Sun-Earth LL1)

First spacecraftto fly past a comet:
USA /ISEE-3 /11 September 1985 (Comet

Giacobini-Zinner)

First spacecraft to use Earth for a gravity assist:
ESA / Giotto / 2 July 1990

First spacecraftto use aerobraking to reduce velocity:
Japan / Hiten / 19 March 1991

First spacecraft to fly past an asteroid:
USA / Galileo / 26 October 1991 (951 Gaspra)

First wheeled vehicle on a planet:
USA / Sojourner / 5 July 1997 (Mars)

First spacecraft to use ion propulsion as primary
propulsion in deep space:
USA / Deep Space 1 /24 November 1998

First spacecraft to orbit an asteroid:
USA / NEAR Shoemaker / 14 February 2000
(433 Eros)

First spacecraftto land on an asteroid:
USA / NEAR Shoemaker / 12 February 2001
(433 Eros)

First spacecraft to return extraterrestrial material
from beyond lunar orbit:
USA / Genesis / Returned 8 September 2004

First spacecraft to use a solar sail as primary propul-
sion in deep space:
Japan / IKAROS /9 July 2010

First spacecraftto orbit a body in the main
asteroid belt:
USA /Dawn / 16 July 2011 (4 Vesta)

First spacecraftto orbit a dwarf planet:
USA /Dawn /7 March 2015 (1 Ceres)

The Moon

Firstlunar probe attempt:
USA /Able 1 [Pioneer 0] / 17 August 1958

First spacecraftto impact the Moon:
USSR / Second Soviet Space Rocket
[Luna 2]/ 14 September 1959

First spacecraft to fly by the Moon:
USSR / Automatic Interplanetary Station
[Luna 3]/ 6 October 1959

First to photograph farside of the Moon:
USSR / Automatic Interplanetary Station
[Luna 3]/ 6 October 1959

First survivable landing on the Moon:
USSR/ Luna 9/ 3 February 1966

First soft-landing on the Moon:
USA / Surveyor 1/2 June 1966

First spacecraft to orbit the Moon:
USSR/ Luna 10/ 2 April 1966

First liftoff from the Moon:
USA / Surveyor VI /17 November 1967

First successful circumlunar mission:
USSR /Zond 6 / 14-21 September 1968

First robotic return of soil sample from the Moon:
USSR/ Luna 16/ 12-21 September 1970

First wheeled vehicle on Moon:
USSR / Lunokhod 1 / 17 November 1970

The Sun

First probe into heliocentric orbit:
USSR / Soviet Space Rocket / 2 January 1959

First spacecraft to view the poles of the Sun:
ESA / Ulysses / September 2000 to January 2001



Mercury
First spacecraft to fly by Mercury:
USA / Mariner 10 /29 March 1974

First spacecraft to orbit Mercury:
USA /MESSENGER / 18 March 2011

Venus
First attempt to send a spacecraft to Venus:
USSR / Heavy Satellite / 4 February 1961

First spacecraft to successfully fly past Venus:
USA / Mariner II / 14 December 1962

First spacecraftto impact Venus:
USSR / Venera 3/ 1 March 1966

First successful atmospheric entry into Venus:
USSR / Venera 4 / 18 October 1967

First soft-landing and return of surface data
from Venus:
USSR /Venera 7 / 15 December 1970

First surface photos of Venus:
USSR / Venera 10 /22 October 1975

First spacecraft to orbit Venus:
USSR /Venera 10 /22 October 1975

First spacecraft to image the entire surface of Venus:
USA / Magellan / 1990-1994

Mars
First Mars probe attempt:
USSR / [Mars, 1M no. 1]/ 10 October 1960

First successful mission to Mars:
USA / Mariner IV / Launched 15 July 1965

First spacecraft to orbit Mars:
USA / Mariner 9 / 14 November 1971

FIRSTS

First spacecraft to impact Mars:
USSR / Mars 2 /27 November 1971

First successful soft-landing on the Martian surface:
USA /Viking 1 /20 July 1976

First wheeled vehicle on Mars:
USA / Sojourner / 5 July 1997

Jupiter
First spacecraft to fly by Jupiter:
USA / Pioneer 10 /4 December 1973

First atmospheric entry into Jupiter:
USA / Galileo Probe / 7 December 1995

First spacecraft to orbit Jupiter:
USA / Galileo Orbiter / 8 December 1995

First spacecraftto carry out detailed investigations of
Jupiter’s interior:
USA /Juno / 2016—present

Saturn
First spacecraft to fly by Saturn:
USA / Pioneer 11 /1 September 1979

First spacecraft to orbit Saturn:
USA / Cassini / 1 July 2004

First spacecraft to soft-land on Titan:
ESA / Huygens / 14 January 2005

Uranus
First spacecraft to fly by Uranus:
USA / Voyager 2 / 24 January 1986

Neptune
First spacecraft to fly by Neptune:
USA / Voyager 2 /25 August 1989
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Pluto
First spacecraft to fly by Pluto:
USA / New Horizons / 14 July 2015

Comets
First spacecraftto fly past a comet:
USA /ISEE-3 /11 September 1985 (Comet 21P/

Giacobini-Zinner)

First spacecraft to enter the coma of a comet:
USA / Deep Space 1 /22 September 2001
(Comet 19P/Borrelly)

First spacecraft to impact a comet:
USA / Deep Impact /4 July 2005 (Comet 9P/
Tempel)

First spacecraft to return material from a comet:
USA / Stardust / Returned 15 January 2006
(Comet 81P/Wild)

First spacecraftto orbit a cometary nucleus:
ESA /Rosetta / 10 September 2014 (Comet 67P/
Churyumov-Gerasimenko)

First spacecraftto land on a comet:
ESA / Philae / 12 November 2014 (Comet 67P/

Cburyumov-Gerasimenko)

Dwarf Planets
First spacecraft to orbit a dwarf planet:
USA /Dawn / March 7, 2015 (1 Ceres)

Asteroids
First spacecraft to fly past an asteroid:
USA / Galileo / 26 October 1991 (951 Gaspra)

First spacecraftto orbit an asteroid:
USA / NEAR Shoemaker / 14 February 2000
(433 Eros)

First spacecraft to land on an asteroid:
USA /NEAR Shoemaker / 13 February 2001
(433 Eros)

First spacecraft to return material from an asteroid:
Japan / Hayabusa / 13 June 2010 (25143 Hideo

Itokawa)

First spacecraftto orbit an asteroid in the main aster-
oid belt:
USA /Dawn / 16 July 2011 (4 Vesta)

Lagrange Points
First spacecraftto orbit a libration point (L1 [Sun—Earth]):
USA /ISEE-3 / 20 November 1978

First spacecraft to orbit libration point L2 (Sun—Earth):
USA /WMAP / | October 2001

First spacecraft to orbit libration point L2 (Earth—Moon):
USA /ARTEMIS P1 /25 August 2010

First spacecraft to orbit libration point L1 (Earth—Moon):
USA /ARTEMIS P2 /22 October 2010



1958

[Pioneer 0]

Nation: USA (1)
Objective(s): lunar orbit
Spacecraft: Able 1
Spacecraft Mass: 38.5 kg
Mission Design and Management: ARPA / AFBMD
Launch Vehicle: Thor Able 1 (Thor no. 127)
Launch Date and Time: 17 August 1958 / 12:18 UT
Launch Site: Cape Canaveral / Launch Complex 17A
Scientific Instruments:

1. magnetometer

2. micrometeoroid detector

3. 2 temperature sensors

4. TV camera
Results: On 27 March 1958, the U.S. Department of
Defense announced the launch of four to five lunar
probes later in the year, all under the supervision of
the Advanced Research Projects Agency (ARPA) as
part of scientific investigations during the Interna-
tional Geophysical Year. Of these, one or two (later
confirmed as two) would be carried out by the Army’s
Ballistic Missile Agency and the other three by the
Air Force’s Ballistic Missile Division. This launch
was the first of three Air Force attempts, and the first
attempted deep space launch by any country. The
Able 1 spacecraft, a squat conical fiberglass struc-
ture built by Space Technology Laboratories (STL),
carried a crude infrared TV scanner. The simple
thermal radiation device carried a small parabolic
mirror for focusing reflected light from the lunar
surface onto a cell that would transmit voltage pro-
portional to the light it received. Engineers painted
a pattern of dark and light stripes on the spacecraft’s

outer surface to regulate internal temperature.

The spacecraft was also disinfected with ultravio-
let light prior to launch. The launch vehicle was a
three-stage variant of the Thor intermediate range
ballistic missile (IRBM) with elements appropri-
ated from the Vanguard rocket used on its second
and third stages. The entire project involved 3,000
people from 52 scientific and industrial firms, all
but 6 of which were located in southern California.
According to the ideal mission profile, Able 1 was
designed to reach the Moon’s vicinity 2.6 days after
launch following which the TX-8-6 solid propellant
motor would fire to insert the payload into orbit
around the Moon. Orbital altitude would have been
29,000 kilometers with an optimal lifetime of about
two weeks. The actual mission, however, lasted only
73.6 seconds, the Thor first stage having exploded
at an altitude of 15.2 kilometers altitude. Telemetry
was received from the payload for at least 123 sec-
onds after the explosion, probably until impact in
the Atlantic. Investigators concluded that the acci-
dent had been caused by a turbopump gearbox fail-
ure. The mission was not named at the time but has

been retroactively known as “Pioneer 0.”

[Luna, Ye-1 no. 1]

Nation: USSR (1)

Objective(s): lunar impact

Spacecraft: Ye-1 (no. 1)

Spacecraft Mass: c. 360 kg (including the power
sources installed on the upper stage)

Mission Design and Management: OKB-1

Launch Vehicle: SK72 (no. B1-3)

Launch Date and Time: 23 September 1958 /07:03:23 UT

Launch Site: N1IP-5 / Site 1/5
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Scientific Instruments:

Ye-1:
flux-gate magnetometer
sodium-iodide scintillation counter
2 gas discharge Geiger counters
2 micrometeorite counters

Cherenkov detector

S

. 4 ion traps

Blok Ye (upper stage):

1. sodium vapor experiment

2. scintillation counter
Results: The Soviet government approved a modest
plan for initial exploration of the Moon in March
1958. Engineers conceived of four initial probes,
the Ye-1 (for lunar impact), Ye-2 (to photograph
the farside of the Moon), Ye-3 (to photograph the
farside of the Moon with advanced imaging equip-
ment), and Ye-4 (lunar impact with a nuclear explo-
sion). The Ye-1 was a simple probe, a pressurized
spherical object made from aluminum-magne-
sium alloy slightly bigger than the first Sputnik.
The goals were to detect the magnetic field of the
Moon, study the intensity and variation of cosmic
rays, record photons in cosmic rays, detect lunar
radiation, study the distribution of heavy nucleii in
primary cosmic radiation, study the gas component
of interplanetary matter, study corpuscular solar
radiation, and record the incidence of meteoric
particles. The Blok Ye upper stage (with the 8D714
engine) carried additional instrumentation, includ-
ing radio transmitters and one kilogram of sodium
to create an artificial comet on the outbound tra-
jectory that could be photographed from Earth.
During the first Ye-1 launch, at T+87 seconds, the
launch vehicle’s strapon boosters began to develop
longitudinal resonant vibrations. The rocket even-
tually disintegrated at T+93 seconds, destroying its
payload. The problem was traced to violent pres-
sure oscillations in the combustion chamber of one
of the strapon booster engines. This generated a
resonant frequency vibration throughout the frame
causing it to shake violently. A fix was proposed
by reducing the thrust at T+85 seconds when the

rocket reached maximum dynamic pressure.

Able 2 [Pioneer]

Nation: USA (2)
Objective(s): lunar orbit
Spacecraft: Able 2
Spacecraft Mass: 38.3 kg
Mission Design and Management: NASA / AFBMD
Launch Vehicle: Thor Able I (Thor Able I no. 1/

Thor no. 130/DM-1812-6)
Launch Date and Time: 11 October 1958 / 08:42:13 UT
Launch Site: Cape Canaveral / Launch Complex 17A
Scientific Instruments:

1. ion chamber

2. magnetometer

3. micrometeoroid detector

4. 'TV camera

5. 2 temperature sensors
Results: Although the USAF actually conducted
the mission, this was the first U.S. space mission
technically under the aegis of the recently formed
National Aeronautics and Space Administration
(NASA). The spacecraft was very similar in design
to the Able 1 probe and like its predecessor, built by
Space Technology Laboratories (STL). The probe
was designed to record micrometeoroid impacts,
take magnetic field and radiation measurements,
and obtain a “facsimile image of the surface of the
moon.” During the launch, the Thor second stage
shut down 10 seconds early due to incorrect infor-
mation from an accelerometer measuring incre-
mental velocity. The launch vehicle thus imparted
insufficient velocity for the probe to escape Earth'’s
gravity. An attempt to insert the spacecraft into
high Earth orbit at 128,700 x 32,200 kilometers
by using its Thiokol-built retromotor failed because
internal temperatures had fallen too low for the
batteries to provide adequate power. The probe
did, however, reach an altitude of 114,750 kilo-
meters (according to NASA information from Feb-
ruary 1959) by 11:42 UT on launch day, verifying

the existence of the Van Allen belts and returning



Thor-Able | with the Pioneer | spacecraft atop, prior to
launch at Eastern Test Range at what is now Kennedy
Space Center. Pioneer |, launched on 11 October 1958,
was the first spacecraft launched by the 11-day-old
National Aeronautics and Space Administration (NASA).
Although the spacecraft failed to reach the Moon, it did
transmit 43 hours of data. Credit: NASA

other useful data on the boundary of the geomag-
netic cavity. It reentered 43 hours 17 minutes after
launch. Investigators later concluded that an accel-
erometer had mistakenly cut off the Able stage
because of an incorrect setting of a valve. In a press
release on October 11 soon after the launch, the
U.S. Department of Defense officially bestowed
the name “Pioneer” to the probe, although it has
often been retroactively known as “Pioneer 1.” The
name was apparently suggested not by any NASA
official but by one Stephen A. Saliga, an official in
charge of Air Force exhibits at Wright-Patterson Air
Force Base in Dayton, Ohio, who designed a dis-

play to coincide with the launch.

1958

[Luna, Ye-1 no. 2]

Nation: USSR (2)

Objective(s): lunar impact

Spacecraft: Ye-1 (no. 2)

Spacecraft Mass: c. 360 kg (including power sources
installed on the upper stage)

Mission Design and Management: OKB-1

Launch Vehicle: 8K72 (no. B1-4)

Launch Date and Time: 11 October 1958 /21:41:58 UT

Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:
Ye-1:

flux-gate magnetometer

sodium-iodide scintillation counter

2 gas discharge Geiger counters

2 micrometeorite counters

Cherenkov detector

A e

. 4 ion traps

Blok Ye (upper stage):

1. sodium vapor experiment

2. scintillation counter
Results: The second attempt to send a Ye-1 probe
to impact on the Moon also never left Earth’s
atmosphere. The 8K72 launch vehicle exploded
at T+104 seconds, once again, due to longitudinal

resonant vibrations in the strapon boosters.

Pioneer Il

Nation: USA (3)

Objective(s): lunar orbit

Spacecraft: Able 3

Spacecraft Mass: 39.6 kg

Mission Design and Management: NASA / AFBMD

Launch Vehicle: Thor Able I (Thor Able I no. 2/
Thor no. 129/DM-1812-6)

Launch Date and Time: 8 November 1958 / 07:30:20 UT
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Launch Site: Cape Canaveral / Launch Complex 17A
Scientific Instruments:

1. ionization chamber

2. magnetometer

3. temperature sensors

4. micrometeoroid sensor

5. proportional counter telescope

6. TV system
Results: This was the second official NASA deep
space launch although operations on the ground
were handled by the Air Force. For this third launch
of an STL-built lunar orbiter, engineers introduced
a number of changes to the Thor Able launcher.
The probe also now included a new TV scanner and
a new type of battery, as well as a new cosmic ray
telescope to study the Cherenkov Effect. Pioneer
I1, like its predecessors, never reached its target. A
signal from the ground shut down the Thor launch
vehicle’s second stage earlier than planned. Addi-
tionally, when the X-248 third stage engine sepa-
rated, it failed to fire. As a result, the probe burned
up in Earth’s atmosphere only 42 minutes 10 sec-
onds after launch at 28.6° E longitude. During its
brief mission, it reached an altitude of 1,530 kilo-
meters (as announced in December 1959) and sent
back data that suggested that Earth’s equatorial
region had higher flux and energy levels than previ-
ously thought. The information also indicated that
micrometeoroid density was higher near Earth than
in space. Investigators concluded that the third
stage engine had failed to fire because of a broken
wire. A NASA press release from Administrator T.
Keith Glennan (1905-1995) soon after the launch
officially named the probe “Pioneer I1.”

[Luna, Ye-1 no. 3]

Nation: USSR (3)

Objective(s): lunar impact

Spacecraft: Ye-1 (no. 3)

Spacecraft Mass: c. 360 kg (including power sources

installed on the upper stage)

Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. B1-5)
Launch Date and Time: 4 December 1958 / 18:18:44 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
Ye-1:
flux-gate magnetometer
sodium-iodide scintillation counter
2 gas discharge Geiger counters
2 micrometeorite counters

Cherenkov detector

A e

. 4 ion traps

Blok Ye (upper stage):

1. sodium vapor experiment

2. scintillation counter
Results: This was the third failure in a row in Soviet
attempts to send a Ye-1 lunar impact probe to
the Moon. The thrust level of the core engine
(8D75) of the R-7 booster dropped abruptly at
T+245.4 seconds to about 70% of optimal levels,
leading to premature engine cutoff. The payload
never reached escape velocity. Later investiga-
tion showed that a pressurized seal in the hydro-
gen peroxide pump of the main engine had lost
integrity in vacuum conditions. The malfunction
caused the main turbine to cease working and thus

led to engine failure.

Pioneer Il

Nation: USA (4)
Objective(s): lunar flyby
Spacecraft: Pioneer 111
Spacecraft Mass: 5.87 kg
Mission Design and Management: NASA / ABMA / JPL
Launch Vehicle: Juno IT (no. AM-11)
Launch Date and Time: 6 December 1958 / 05:44:52 UT
Launch Site: Cape Canaveral / Launch Complex 5
Scientific Instruments:

1. photoelectric sensor trigger

2. two Geiger-Mueller counters



1958

Pioneer Il being assembled by technicians. Credit: NASA

Results: This was the first of two U.S. Army launches
to the Moon, subsequent to three attempts by the
Air Force. Pioneer Ill was a spin-stabilized probe
(up to 400 rpm) whose primary goal was to fly by
the Moon. Two special 6-gram weights were to be
spun out on 1.5-meter wires to reduce spin to 6
rpm once the mission was under way. The space-
craft carried an optical sensor to test a future imag-
ing system. If the sensor received a collimated
beam of light from a source (such as the Moon)
that was wide enough to pass through the lens
and fall simultaneously on two photocells, then
the sensor would send a signal to switch on the
imaging system (which was actually not carried on
this spacecraft). Unfortunately, the main booster
engine shut down 4 seconds earlier than planned

due to premature propellant depletion. Once put

on its trajectory, it was determined that Pioneer 11
was about 1,030 km/hour short of escape veloc-
ity. It eventually reached a maximum altitude of
102,322 kilometers and subsequently plummeted
and burned up over Africa 38 hours 6 minutes
after launch. In addition, the de-spin mechanism
failed to operate, preventing the test of the optical
system. The radiation counters, however, returned
important data. Dr. William H. Pickering (1910-
2004), in a paper presented to an IGY Symposium
on 29 December 1958, noted that “[wlhile the
results of the launch were disappointing ... the div-
idend of radiation measurements of the Van Allen
belt gained as the payload returned to earth were
of great value in defining this energy field.” This
data contributed to the major scientific discovery

of dual bands of radiation around Earth.
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During the Pioneer IV mission, NASA tested a new space communications system. One component of the system was
this 26-meter diameter antenna at Goldstone, California, the first of several antennas that would later constitute nodes in
NASA's Deep Space Network. Credit: NASA/JPL-Caltech



1959

Soviet Space Rocket [Luna 1]

Nation: USSR (4)

Objective(s): lunar impact

Spacecraft: Ye-1 (no. 4)

Spacecraft Mass: 361.3 kg (including power sources
installed on the upper stage)

Mission Design and Management: OKB-1

Launch Vehicle: SK72 (no. B1-6)

Launch Date and Time: 2 January 1959 / 16:41:21 UT

Launch Site: N1IP-5 / Site 1/5

Scientific Instruments:
Ye-1:

1. ﬂux-gate magnetometer

2. sodium-iodide scintillation counter
3. 2 gas discharge Geiger counters

4. 2 micrometeorite counters

5. Cherenkov detector

6. 4 ion traps

Blok Ye (upper stage):

1. sodium vapor experiment

2. scintillation counter
Results: Due to a ground error in an antenna that
transmitted guidance information to the launch
vehicle, the Blok Ye upper stage of the launch
vehicle fired longer than intended—731.2 sec-
onds—and thus, imparted 175 meters/second
extra velocity to its payload. Because of this error,
the Ye-1 probe missed the Moon. Nevertheless,
the probe became the first human-made object
to attain Farth escape velocity. The spacecraft
(which with its entire launch vehicle was referred
as “Soviet Space Rocket” in the Soviet press) even-
tually passed by the Moon at a distance of 6,400

kilometers about 34 hours following launch at

02:59 UT on January 4. (Some sources say the
range was as high as 7,500 kilometers). Before the
lunar encounter, at 00:57 UT on 3 January 1959
the attached upper stage released one kilogram of
sodium at a distance of 113,000 kilometers from
Earth which was photographed by Soviet ground-
based astronomers although the quality of the
images was poor, partly due to poor weather con-
ditions. Ground controllers lost contact with the
Soviet Space Rocket (retroactively named “Luna 17
in 1963) approximately 62 hours after launch due
to loss of battery power when the payload was
597,000 kilometers from Earth, after which the
probe became the first spacecraft to enter orbit

around the Sun.

Pioneer IV

Nation: USA (5)
Objective(s): lunar flyby
Spacecraft: Pioneer [V
Spacecraft Mass: 6.08 kg
Mission Design and Management: NASA / ABMA / JPL
Launch Vehicle: Juno 11 (no. AM-14)
Launch Date and Time: 3 March 1959 / 05:10:56 UT
Launch Site: Cape Canaveral / Launch Complex 5
Scientific Instruments:

1. photoelectric sensor trigger

2. two Geiger-Mueller counters
Results: This was the last of 5 American lunar
probes launched as part of a series during the
International Geophysical Year (although the year
officially ended a few months prior). Its design was
very similar to Pioneer III; a key difference was

the addition of a “monitor” to measure the voltage

1
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of the main radio transmitter, which had failed for
unknown reasons on Pioneer I11. A de-spin mecha-
nism was on board to slow the spin-stabilized vehi-
cle from its initial spin of 480 rpm down to about
11 rpm about 11 hours after launch. Although it
did not achieve its primary objective to photo-
graph the Moon during a flyby, Pioneer IV became
the first U.S. spacecraft to reach Earth escape
velocity. During the launch, the Sergeants on the
second stage did not cut off on time, causing the
azimuths and elevation angles of the trajectory to
change. The spacecraft thus passed by the Moon
at a range of about 60,000 kilometers (instead of
the planned 32,000 kilometers), i.e., not close
enough for the imaging scanner to function.
Closest approach was at 10:24 UT on 4 March
1959, about 41 hours after launch. Its tiny radio
transmitted information for 82 hours before con-
tact was lost at a distance of 655,000 kilometers
from Earth—the greatest tracking distance for a
human-made object to date. The probe eventu-
ally entered heliocentric orbit becoming the first
American spacecraft to do so. Scientists received
excellent data that suggested that the intensity of
the upper belt of the Van Allen belts had changed
since Pioneer 11 (probably attributable to a recent
solar flare) and that there might be a third belt at a
higher altitude to the others.

[Luna, Ye-1A no. 5]

Nation: USSR (5)

Objective(s): lunar impact

Spacecraft: Ye-1A (no. 5)

Spacecraft Mass: c. 390 kg (including power sources
installed on the upper stage)

Mission Design and Management: OKB-1

Launch Vehicle: 8K72 (no. 11-7)

Launch Date and Time: 18 June 1959 / 08:08 UT

Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Ye-1:
flux-gate magnetometer
sodium-iodide scintillation counter
2 micrometeorite counters
Cherenkov detector

4 ion traps

S e

. 6 Geiger counters

Blok Ye (upper stage):

1. sodium vapor experiment

2. Cherenkov detector

3. 2 scintillation counters
Results: The Soviet Ye-1A probe, like the Ye-1, was
designed for lunar impact. Engineers had incorpo-
rated some minor modifications to the scientific
instruments (a modified antenna housing for the
magnetometer, six instead of four gas discharge
counters, and an improved piezoelectric detector)
as a result of information received from the first
Soviet Space Rocket (retroactively known as “Luna
17) and the American Pioneer IV. The launch was
originally scheduled for 16 June but had to be
postponed for two days due to the negligence of a
young lieutenant who inadvertently permitted fuel-
ing of the upper stage with the wrong propellant.
During the actual launch, one of the gyroscopes of
the inertial guidance system failed at T+153 sec-
onds, and the wayward booster was subsequently

destroyed by command from the ground.

Second Soviet Space Rocket [Luna 2]

Nation: USSR (6)

Objective(s): lunar impact

Spacecraft: Ye-1A (no. 7)

Spacecraft Mass: 390.2 kg (including power sources
installed on the upper stage)

Mission Design and Management: OKB-1

Launch Vehicle: SK72 (no. I1-7b)

Launch Date and Time: 12 September 1959 / 06:39:42
uT



Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:

Ye-1:
ﬂux-gate magnetometer
sodium-iodide scintillation counter
2 micrometeorite counters
Cherenkov detector

4 ion traps

AN e

. 6 Geiger counters

Blok Ye (upper stage):

1. sodium vapor experiment

2. Cherenkov detector

3. scintillation counter
Results: After an aborted launch on 9 September,
the Ye-1A probe successfully lifted off and reached
Earth escape velocity. Officially named the “Second
Soviet Space Rocket” by Pravda the day after
launch, the spacecraft released its one kilogram of
sodium at 18:42:42 UT on 12 September at a dis-
tance of 156,000 kilometers from Earth in a cloud
that expanded out to 650 kilometers in diameter,
clearly visible from the ground. This sixth attempt
at lunar impact was much more accurate than its
predecessors; the spacecraft successfully impacted
the surface of the Moon at 21:02:23 UT on
14 September 1959, thus becoming the first object
of human origin to make contact with another
celestial body. The Blok Ye upper stage impacted
about 30 minutes later, also at a velocity of just over
3 kilometers/second. The probe’s impact point was
approximately at 30° N / 0° longitude on the slope
of the Autolycus crater, east of Mare Serenitatis.
Luna 2 (as it was called after 1963) deposited
Soviet emblems on the lunar surface carried in
9 x 15-centimeter sized metallic spheres. The
spacecraft’s magnetometer measured no signifi-
cant lunar magnetic field as close as 55 kilometers
to the lunar surface. The radiation detectors also
found no hint of a radiation belt. These were the
first measurements of physical fields for celestial
bodies other than Earth. The ion traps on board
Luna 2 made the first in situ measurements of the
extended plasma envelope of Earth, suggesting the

existence of what was later called the plasmapause.

1959

Automatic Interplanetary Station
[Luna 3]

Nation: USSR (7)
Objective(s): lunar flyby
Spacecraft: Ye-2A (no. 1)
Spacecraft Mass: 278.5 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. 11-8)
Launch Date and Time: 4 October 1959 / 00:43:40 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
1. photographic-TV imaging system
4 micrometeoroid counters
4 jon traps
Cherenkov radiation detector

sodium iodide scintillation counter

ok W

3 gas discharge counters

This is a processed version of one of the exposures from
the Luna 3 mission. Credit: Don Mitchell

13
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A model of the Ye-2A class spacecraft, later known as Luna-3, on display at the Memorial Museum of Cosmonautics in
Moscow. Credit: https:/bit.ly/2wPp8Al

Results: This spacecraft, of the Ye-2A class, was the
first Soviet probe designed to take pictures of the
farside of the Moon using the Yenisey unit (using
the AFA-Yel camera), which consisted of two
lenses of 200 mm (wide angle) and 500 mm (high
resolution) focal lengths, and a capacity to read up
to 40 images on a 35 mm film roll. The dual lenses
exposed adjacent frames simultaneously. It was
also the first spacecraft to be fully powered by solar
panels. Strictly speaking, the probe was not meant
to reach Earth escape velocity; instead, the launch
vehicle inserted the spacecraft, called the Auto-
matic Interplanetary Station (Avtomaticheskaya
mezhplanetnaya stantsiya, AMS) in the Soviet press,
into a highly-elliptical orbit around Earth at 48,280
x 468,300 kilometers, sufficient to reach lunar
distance. During the coast to the Moon, the AMS
suffered overheating problems and poor commu-
nications, but the vehicle eventually passed over

the Moon'’s southern polar cap at a range of 7,900

kilometers at 14:16 UT on 6 October before climb-
ing up (northward) over the Earth-Moon plane. At
a distance of 65,200 kilometers from the Moon at
03:30 UT on 7 October, having been properly ori-
ented by its Chayka attitude control system (the
first successful 3-axis stabilization used on a space-
craft), the twin-lens 35 mm camera began taking
the first of 29 pictures of the farside of the Moon.
This session lasted a total of about 40 minutes, by
the end of which the spacecraft was 68,400 kilo-
meters from the lunar surface. The exposed film
was then developed, fixed, and dried automati-
cally, following which a special light-beam of up to
1,000 lines per image scanned the film for trans-
mission to Earth. Images were received the next
day (after a few aborted attempts) at two locations,
a primary at Simeiz in Crimea known as IP-41Ye
and a backup in the Soviet far east, at Yelizovo in
Kamchatka, known as NIP-6. On the ground, there

were two systems for recording the images from


https://bit.ly/2wPp8AI

Position of the Moon
at spacecraft return to Earth

1959

Position of the Moon
at flyby

Position of the Moon
at spacecraft launch

Diagram showing Luna 3's trajectory out to lunar distance. Credit: https./bit.ly/2NkheZx

|

The Yenisey “photo-television unit” on board Luna 3 was
developed by the Leningrad-based VNII-380 institute. It
included a dual-objective camera (AFA-Yel) developed
by the Krasnogorsk Mechanical Plant. The camera took
two pictures simultaneously using a 200 mm lens and a
500 mm lens. Credit: T. Varfolomeyev

AMS, Yenisey I (fast mode, at 50 lines/second) and
Yenisey 11 (at slow mode at 0.8 lines/second). Sev-
enteen of the images were of usable quality, and for
the first time, they showed parts of the Moon never
before seen by human eyes. The trajectory of AMS
was specifically designed so that images would
show at least half of the Moon, one-third of which
was on the near side, so as to provide a point of
reference for evaluating formations on the farside.
Controllers were unable to regain contact with the
spacecraft after the spacecraft entered and then
exited Earth’s shadow. Luna 3 circled Earth at least
11 times and probably reentered sometime in early
1960. Post-Cold War revelations confirmed that
the film type used on AMS, known as “ASh” by
the Soviets, was actually unexposed film that was
repurposed from a CIA reconnaissance balloon
(from Project Genetrix) that had drifted into Soviet
territory in the late 1950s. This film had been
stored at the A. F. Mozhayskiy Military Academy
in Leningrad when the space camera manufactur-
ers at the VNII-380 institute had stumbled upon
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it. Further investigation showed that the tempera-
ture-resistant and radiation-hardened film would
be perfect for the AFA-Yel camera, and the rest
was history. The spacecraft, named Luna 3 after
1963, photographed about 70% of the farside and
found fewer mare areas on the farside, prompting

scientists to revise their theories of lunar evolution.

Able IVB [Pioneer]

Nation: USA (6)
Objective(s): lunar orbit
Spacecraft: P-3 / Able IVB
Spacecraft Mass: 168.7 kg
Mission Design and Management: NASA / AFBMD
Launch Vehicle: Atlas Able (Atlas Able no. 1/ Atlas
D no. 20)
Launch Date and Time: 26 November 1959 / 07:26 UT
Launch Site: Cape Canaveral / Launch Complex 14
Scientific Instruments:
1. high-energy radiation counter
. ionization chamber
. Geiger-Mueller tube

. low-energy radiation counter

Ul BN

. a flux-gate magnetometer and a search-coil
magnetometer

. photo scanning device

. micrometeoroid detector

. aspect indicator (a photoelectric cell)

. radio receiver to detect natural radio waves

S O 0 I O

. transponder to measure electron densities

Results: This was the first of three spacecraft
designed by Space Technology Laboratories for a
lunar assault in 1959-1960; two of them had origi-
nally been slated for Venus orbit (in June 1959) but
mission planners had redirected their missions after
the success of the Soviet Automatic Interplanetary
Station (“Luna 3”) mission. All the scientific exper-
iments and internal instrumentation were powered
by Nickel-Cadmium batteries charged from 1,100
solar cells on four paddles which made the vehicle
resemble the recently-launched Explorer VI. The
imaging system, the same one used on Explorer VI,
comprised a tiny 1.13-kilogram scanning device
developed by STL that was “to be used in [an]
attempt to get a crude outline of the moon’s surface
if the probe achieve[d] lunar orbit.” Each probe
also carried a hydrazine monopropellant tank with
two thrust chambers (each 9 kgf), one of which was
for lunar orbit insertion at a range of 8,000 kilo-
meters from the Moon. Ideal lunar orbital param-
eters were planned as 6,400 x 4,800 kilometers.
The mission also inaugurated the first use of the
Atlas-with-an-upper-stage combination, affording
increased payload weight. During this first launch,
which took place on Thanksgiving Day 1959, the
nose fairing began to break away just 45 seconds
after liftoff, still during first stage operation. Aero-
dynamic forces then caused the third stage and
payload to break away and explode. The ground
lost contact with the tumbling booster at T+104
seconds. Investigation showed that the 3-meter
fiberglass shroud failed because there had been no
measures to account for pressure differentials as

the rocket rapidly gained altitude after liftoff.



1960

PioneerV

Nation: USA (7)
Objective(s): heliocentric orbit
Spacecraft: P-2 / Able 6
Spacecraft Mass: 43.2 kg
Mission Design and Management: NASA / AFBMD
Launch Vehicle: Thor Able IV (Thor Able IV no. 4 /
Thor no. 219/DM-1812-6A)
Launch Date and Time: 11 March 1960/ 13:00:07 UT
Launch Site: Cape Canaveral / Launch Complex 17A
Scientific Instruments:
1. magnetometer
ionization chamber
Geiger-Mueller tube

micrometeoroid momentum spectrometer

AR

omnidirectional proportional counter
telescope

Results: Launched on a direct solar orbit trajectory,
Pioneer V successfully reached heliocentric orbit
between Earth and Venus to demonstrate deep
space technologies and to provide the first map of
the interplanetary magnetic field. The spacecraft
had originally been intended for a Venus encounter
but the mission was switched to a direct entry into
solar orbit. Pioneer V carried Telebit, the first dig-
ital telemetry system operationally used on a U.S.
spacecraft—it was first tested on Explorer VI. The
system used a 5-watt or a 1 50-watt transmitter, with
a 5-watt transmitter acting as driver. Information
rates varied from 1 to 64 bits/second. Controllers
maintained contact with Pioneer V until 11:31 UT
on 26 June 1960 to a record distance of 36.4 mil-
lion kilometers from Earth (later beaten by Mariner
I1). The probe, using its 18.1-kilogram suite of

scientific instruments, confirmed the existence of
a previously conjectured weak interplanetary mag-
netic field. Information from the magnetometer
was unfortunately unusable due to the instrument’s
position within the spacecraft. Pioneer V remains a

derelict spacecraft circling the Sun.

[Luna, Ye-3 no. 1]

Nation: USSR (8)
Objective(s): lunar farside photography
Spacecraft: Ye-3 (no. 1)
Spacecraft Mass: [unknown|
Mission Design and Management: OKB-1
Launch Vehicle: SK72 (no. 11-9)
Launch Date and Time: 15 April 1960 / 15:06:44 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:

1. photographic-TV imaging system

2. micrometeoroid detector

3. cosmic ray detector
Results: This spacecraft was launched to return more
detailed photos of the lunar farside, after the spec-
tacular success of Luna 3. The Ye-3 class vehicle was
essentially a Ye-2A probe with a modified radio-telem-
etry system, but with the original imaging system. (A
more advanced Ye-3 type with a new imaging system
had been abandoned earlier). During the launch, the
probe received insufficient velocity (too low by 110
meters/second) after premature third stage engine
cutoff (3 seconds short). The spacecraft reached an
altitude of 200,000 kilometers and then fell back to
Earth and burned up in Earth’s atmosphere, much
like some of the early American Pioneer probes. The

most likely reentry point was over central Africa.
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[Luna, Ye no. 2]

Nation: USSR (9)
Objective(s): farside lunar photography
Spacecraft: Ye-3 (no. 2)
Spacecraft Mass: [unknown]
Mission Design and Management: OKB-1
Launch Vehicle: SK72 (no. L1-9a)
Launch Date and Time: 19 April 1960/ 16:07:43 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:

1. photographic-TV imaging system

2. micrometeoroid detector

3. cosmic ray detector
Results: This was the last of the “first generation”
Soviet probes to the Moon. Like its immediate pre-
decessor, it was designed to photograph the farside
of the Moon. Unfortunately, the probe never left
Earth’s atmosphere. Instead, immediately after
launch, at T+10 seconds, the launch vehicle began
to fall apart (its Blok D strapon actually began sep-
arating 0.02 seconds after launch). As each strapon
fell away, parts of the booster landed separately
over a large area near the launch site, breaking
up between 21.15 and 40.3 seconds of launch.
Thundering explosions broke windows in many

nearby buildings.

Able VA [Pioneer]

Nation: USA (8)

Objective(s): lunar orbit

Spacecraft: P-30 / Able VA

Spacecraft Mass: 175.5 kg

Mission Design and Management: NASA / AFBMD

Launch Vehicle: Atlas Able (Atlas Able no. 2 / Atlas
D no. 80)

Launch Date and Time: 25 September 1960 / 15:13 UT

Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:
1. high-energy radiation counter
. ionization chamber
. Geiger-Mueller tube

. low-energy radiation counter

2

3

4

5. two magnetometers

6. scintillation spectrometer
7. micrometeoroid detector
8. plasma probe

9. Sun scanner

Results: This probe, Able VA, had a slightly dif-
ferent instrument complement compared to its
predecessor Able IVB (launched in November
1959), but had similar mission goals. Able VA was
to enter lunar orbit about 62.5 hours after launch
with parameters of 4,000 x 2,250 kilometers and
a period of 10 hours. After launch, while the first
stage performed without problems, the Able second
stage ignited abnormally and shut down early
because of an oxidizer system failure. Ground con-
trollers were still able to fire the third stage engine,
making this small STL-built engine the first rocket
engine to successfully ignite and operate in space.
Because of the second stage failure, the spacecraft
failed to reach sufficient velocity and burned up in
Earth’s atmosphere 17 minutes after launch. Later,
on 15 November 1960, NASA announced that two
objects from the Able VA payload had been found

in Transvaal, South Africa.

[Mars, 1M no. 1]

Nation: USSR (10)

Objective(s): Mars flyby

Spacecraft: 1M (no. 1)

Spacecraft Mass: 480 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. L1-4M)
Launch Date and Time: 10 October 1960 / 14:27:49 UT
Launch Site: NIIP-5 / Site 1/5



The 4-stage 8K78 launch vehicle (and its various modifi-
cations) launched most Soviet lunar and planetary probes
in the 1960s until the advent of the Proton booster in the
late 1960s. Credit: T. Varfolomeyev

Scientific Instruments:
1. infrared spectrometer [removed before
launch]
2. ultraviolet spectrometer [removed before
launch]
micrometeorite detectors
ion traps
magnetometer

cosmic ray detectors

N W

Yenisey imaging system [removed before
launch]

Results: This was the first of two Soviet Mars space-
craft intended to fly past Mars. They were also
the first attempt by humans to send spacecraft to

1960

the vicinity of Mars. Although the spacecraft ini-
tially included a TV imaging system (similar to the
one carried on Luna 3), a UV spectrometer, and
a spectroreflectometer (to detect organic life on
Mars), mass constraints forced engineers to delete
these instruments a week before launch. A possi-
bly apocryphal story has it that once removed from
the spacecralft, the spectroreflectometer was tested
not far from the Tyuratam launch site but failed
to detect any life. The spacecraft itself was a cyl-
inder, about a meter in diameter with all the basic
systems required of interplanetary travel—a means
to regulate temperatures, batteries charged by solar
panels, a long-distance communication system,
three-axis stabilization, and a mid-course correc-
tion engine (the S5.9). The mission profile called
for the probe to first enter Earth orbit and then
use a new fourth stage (called “Blok L") capable of
firing in vacuum, to gain enough additional velocity
for a Mars encounter. During the launch, violent
vibrations caused a gyroscope to malfunction. As a
result, the booster began to veer from its planned
attitude. The guidance system failed at T+309.9
seconds and the third stage (Blok I) engine was
shut down at T+324.2 seconds, after the trajectory
deviated to greater than 7° (pitch). The payload
eventually burned up in Earth’s atmosphere over
eastern Siberia without reaching Earth orbit. The
Mars flyby had been planned for 13 May 1961.

[Mars, 1M no. 2]

Nation: USSR (11)

Objective(s): Mars flyby

Spacecraft: 1M (no. 2)

Spacecraft Mass: 480 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. L1-5M)
Launch Date and Time: 14 October 1960 / 13:51:03 UT
Launch Site: NIIP-5 / Site 1/5
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Scientific Instruments:
1. infrared spectrometer [removed before
launch]
2. ultraviolet spectrometer [removed before
launch]
micrometeorite detectors
ion traps

magnetometer

oW

cosmic ray detectors
7. imaging system [removed before launch]

Results: Besides a slightly uprated S5.9A main
engine, this vehicle was identical to its predecessor,
launched four days before. And like its predecessor,
it never reached Earth orbit. During the launch tra-
jectory, there was a failure in the third stage (Blok I)
engine at T+290 seconds due to frozen kerosene
in the pipeline feeding its turbopump (which pre-
vented a valve from opening). The third and fourth
stages, along with the payload, burned up in Earth’s
upper atmosphere over eastern Siberia. The Mars
flyby had been planned for 15 May 1961.

Able VB [Pioneer]

Nation: USA (9)

Objective(s): lunar orbit

Spacecraft: P-31 / Able VB

Spacecraft Mass: 176 kg

Mission Design and Management: NASA / AFBMD

Launch Vehicle: Atlas Able (Atlas Able no. 3 / Atlas
D no. 91)

Launch Date and Time: 15 December 1960 / 09:11 UT

Launch Site: Cape Canaveral / Launch Complex 12

Scientific Instruments:
1. micrometeoroid detector
. high-energy radiation counter
. ionization chamber
. Geiger-Mueller tube

. low-energy radiation counter

[©) NNV B SO S A )

. a flux-gate magnetometer and a spin-
search coil magnetometer

7. Sun scanner (or photoelectric cell)

8. plasma probe

9. scintillation spectrometer

10. solid state detector

Results: The mission of Able VB, like its two unsuc-
cessful predecessors, was to enter lunar orbit.
Scientific objectives included studying radiation
near the Moon, recording the incidence of micro-
meteoroids, and detecting a lunar magnetic field.
Planned lunar orbital parameters, to be achieved
about 60 hours after launch, were 4,300 x 2,400
kilometers with a period of 9—-10 hours. The space-
craft had a slightly different scientific instrument
complement than its predecessors, including a
plasma probe experiment designed by NASA’s
Ames Research Center that was to provide data on
the energy and momentum distribution of streams
of protons with energies above a few kilovolts per
particle in the vicinity of the Moon. Unfortunately,
the Atlas Able booster suffered a malfunction 66.68
seconds after launch and then exploded at T+74
seconds at an altitude of about 12.2 kilometers.
Later investigation indicated that the Able upper
stage prematurely ignited while the first stage was
still firing. This was the third and last attempt by
NASA to launch a probe to orbit the Moon in the
1959-1960 period.



1961

Heavy Satellite [Venera]

Nation: USSR (12)

Objective(s): Venus impact

Spacecraft: IVA (no. 1)

Spacecraft Mass: c. 645 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. L1-7V)
Launch Date and Time: 4 February 1961 /01:18:04 UT
Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

1. infrared spectrometer

2. ultraviolet spectrometer
3. micrometeorite detectors
4. 2ion traps

5. magnetometer

6. cosmic ray detectors
Results: This was the first attempt to send a space-
craft to Venus. Original intentions had been to
send the 1V spacecraft to descend and take pic-
tures of the Venusian surface, but this proved to be
far too ambitious a goal. Engineers instead down-
graded the mission and used the 1VA spacecraft for
a simple Venus atmospheric entry and impact. The
1VA was essentially a modified 1M spacecraft used
for Martian exploration (albeit with a different
main engine, the S5.14 with a thrust of 200 kgf).
The spacecraft contained a small globe containing
various souvenirs and medals commemorating the
mission. It was also the first Soviet mission to use
an intermediate Earth orbit to launch a spacecraft
into interplanetary space. Although the booster
successfully placed the probe into Earth orbit, the
fourth stage (the Blok L) never fired to send the

spacecraft to Venus. A subsequent investigation

showed that there had been a failure in the PT-200
DC transformer that ensured power supply to the
Blok L guidance system. The part had evidently
not been designed for work in vacuum. The space-
craft+upper stage stack reentered on 26 February
1961. The Soviets announced the total weight of
the combination as 6,483 kilograms without spec-
ifying any difference between the payload and
the upper stage. In the Soviet press, the satellite
was usually referred to as Tyazhelyy sputnik or

“Heavy Satellite.”

Automatic Interplanetary Station
[Venera 1]

Nation: USSR (13)

Objective(s): Venus impact

Spacecraft: IVA (no. 2)

Spacecraft Mass: 643.5 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. L1-6V)
Launch Date and Time: 12 February 1961 /00:34:38 UT
Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

1. infrared spectrometer

2. ultraviolet spectrometer
3. micrometeorite detectors
4. ion traps

5. magnetometer

6. cosmic ray detectors
Results: This was the second of two Venus impact
probes that the Soviets launched in 1961. This
time, the probe—which many years later was ret-
roactively named “Venera 1"—successfully exited
Earth orbit and headed towards Venus. On the
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way to Venus, on 12 February, data indicated
unstable operation of the system designed to keep
the spacecraft permanently oriented to the Sun,
needed to generate energy from its solar panels.
The spacecraft was programmed so that if such a
problem occurred, it would automatically orient
itself toward the Sun using gyroscopes, and then
shut down non-essential systems. Unfortunately,
it automatically shut down its communications
system for five days until the next planned com-
munications system, because it detected higher
than usual temperatures in the spacecraft. The
extra heat was due to the failure of mechanical
thermal shutters designed to regulate heat in the
vehicle. Despite these problems, the spacecraft
responded properly during a communications
session on 17 February 1961 at a distance of 1.9
million kilometers when scientific data on inter-
planetary magnetic fields, cosmic rays, and solar
plasma was returned. Unfortunately, controllers
were unable to regain contact during a subsequent
communications attempt on 22 February. A later
investigation indicated that the spacecraft had lost
its “permanent” solar orientation due to an optical
sensor (that was not pressurized) that malfunc-
tioned because of excess heat after the spacecraft’s
thermal control system failed. The inert spacecraft
eventually passed by Venus on 19-20 May 1961
at a distance of about 100,000 kilometers and
entered heliocentric orbit. Data from Venera 1

helped detect plasma flow in deep space.

Ranger |

Nation: USA (10)

Objective(s): highly elliptical Earth orbit

Spacecraft: P-32

Spacecraft Mass: 306.18 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena B (Atlas Agena B
no. 1 / Atlas D no. 111 / Agena B no. 6001)

—=LOW GAIN ANTENNA

HIGH GAIN
ANTENNA
|DEPLOYEDN

PITCH AND
ROLL JETS —

BUN SENSOR

ELECTRONICS
BAY VI

Ranger | and Il design. Credit: NASA

Launch Date and Time: 23 August 1961 /10:04 UT
Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:

1. electrostatic analyzer
photoconductive particle detectors
Rubidium vapor magnetometer
triple coincidence cosmic ray telescope
cosmic ray integrating ionization chamber

x-ray scintillation detectors

A

micrometeoroid dust particle detectors
8. Lyman alpha scanning telescope

Results: Ranger [ was the first in a series of stan-
dardized spacecraft designed to take photos of
the lunar surface during its descent to the Moon
and rough-land simple instrumented capsules on
the surface. The spacecraft consisted of a tubular
central body connected to a hexagonal base con-
taining basic equipment required for control and
communications. Power was provided by solar
cells and a silver-zinc battery. Ranger I's specific
mission was to test performance of the new tech-
nologies intended for operational Ranger missions
and also to study the nature of particles and fields

in interplanetary space. Its intended orbit was



60,000 x 1.1. million kilometers. Ranger | was the
first American spacecraft to use a parking orbit
around Earth prior to its deep space mission. In
this case, the Agena B upper stage cut off almost
immediately after its ignition for trans-lunar injec-
tion (instead of firing for 90 seconds). The probe
remained stranded in low Earth orbit (501 x 168
kilometers) and telemetry ceased by 27 August
when the main battery went dead. The spacecraft
reentered Earth’s atmosphere three days later.
The cause of the Agena failure was traced to a
malfunctioning switch which had prematurely
choked the flow of red fuming nitric acid to the

rocket engine.

Ranger Il

Nation: USA (11)
Objective(s): highly elliptical Earth orbit
Spacecraft: P-33
Spacecraft Mass: 306.18 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B
no. 2/ Atlas D no. 117 / Agena B no. 6002)
Launch Date and Time: 18 November 1961 / 08:12 UT
Launch Site: Cape Canaveral / Launch Complex 12

1961

Scientific Instruments:

1. electrostatic analyzer for solar plasma
photoconductive particle detectors
Rubidium vapor magnetometer
triple coincidence cosmic ray telescope
cosmic ray integrating ionization chamber

x-ray scintillation detectors

NoA v

micrometeoroid dust particle detectors
8. Lyman alpha scanning telescope

Results: Like its predecessor, Ranger 11 was designed
to operate in a highly elliptical Earth orbit that would
take it into deep space beyond the Moon. Mission
planners expected that during five months of oper-
ation, they could verify both the technical design of
the vehicle and conduct key scientific experiments
to study the space environment over a prolonged
period. Since the Block I Rangers (Ranger I and 11)
carried no rocket engine, they could not alter their
trajectories. On this attempt, Ranger 11, like its pre-
decessor, failed to leave low Earth orbit, the Agena
B stage having failed to fire. In its low orbit, Ranger
IT lost its solar orientation and then eventually lost
power, and reentered on 19 November 1961. The
most probable cause of the failure was inopera-
tion of the roll control gyroscope on the Agena B
guidance system. As a result, the stage used up all
attitude control propellant for its first orbit inser-
tion burn. At the time of the second burn, without

proper attitude, the engine failed to fire.
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1962

Ranger lll

Nation: USA (12)
Objective(s): lunar impact
Spacecraft: P-34
Spacecraft Mass: 330 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B no. 3/

Atlas D no. 121 / Agena B no. 6003)
Launch Date and Time: 26 January 1962 /20:30 UT
Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:

1. vidicon TV camera

2. gamma-ray spectrometer

3. radar altimeter

4. single-axis seismometer
Results: This was the first U.S. attempt to impact
a probe on the lunar surface. The Block I Ranger
spacecraft carried a TV camera that used an optical
telescope that would allow imaging during descent
down to about 24 kilometers above the lunar sur-
face. The main bus also carried a 42.6-kilogram
instrument capsule that would separate at 21.4
kilometers altitude and then independently impact
on the Moon. Protected by a balsa-wood outer
casing, the capsule was designed to bounce several
times on the lunar surface before coming to rest.
The primary onboard instrument was a seismom-
eter. Because of a malfunction in the Atlas guid-
ance system (due to faulty transistors), the probe
was inserted into a lunar transfer trajectory with an
excessive velocity. A subsequent incorrect course
change ensured that the spacecraft reached the
Moon 14 hours early and missed it by 36,793 kilo-

meters on January 28. The central computer and

sequencer failed and the spacecraft returned no
TV images. The probe did, however, provide sci-
entists with the first measurements of interplane-
tary gamma ray flux. Ranger 11 eventually entered

heliocentric orbit.

Ranger IV

Nation: USA (13)
Objective(s): lunar impact
Spacecraft: P-35
Spacecraft Mass: 331.12 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B no. 4 /

Atlas D no. 133 / Agena B no. 6004)
Launch Date and Time: 23 April 1962 /20:50 UT
Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:

1. vidicon TV camera

2. gamma-ray spectrometer

3. radar altimeter

4. single-axis seismometer
Results: Ranger IV was the first American space-
craft to reach another celestial body, in this case,
the Moon. Like its predecessor, also a Block 11
spacecraft, it was designed to transmit pictures in
the final 10 minutes of its descent to the Moon
and rough-land on the lunar surface a balsawood
capsule (about 65 centimeters in diameter) that,
among other instruments, carried a seismome-
ter. A power failure in the central computer and
sequencer stopped the spacecraft’s master clock,
preventing the vehicle from performing any of
its pre-planned operations, such as opening its

solar panels. Drifting aimlessly and without any
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mid-course corrections, Ranger IV impacted the
Moon on its far side at a velocity of about 9,600
kilometers/hour at 12:49:53 UT on 26 April 1962.
Impact coordinates were 15.5° S / 229.3° E.
Although the spacecraft did not achieve its primary
objective, the Atlas Agena-Ranger combination

performed without fault for the first time.

Mariner |

Nation: USA (14)

Objective(s): Venus flyby

Spacecraft: P-37 / Mariner R-1

Spacecraft Mass: 202.8 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena B (Atlas Agena B no. 5/
Atlas D no. 145 / Agena B no. 6901)

Launch Date and Time: 22 July 1962 / 09:21:23 UT

Launch Site: Cape Canaveral / Launch Complex 12

Scientific Instruments:
1. microwave radiometer

infrared radiometer

fluxgate magnetometer

cosmic dust detector

solar plasma spectrometer

S

energetic particle detectors
7. ionization chamber

Results: [n formulating a series of early scientific
missions to Venus, in early 1961, NASA origi-
nally planned two missions, P-37 and P-38, to be
launched on Atlas Centaur rockets, each space-
craft weighing about 565 kilograms. By the time
NASA Headquarters formally approved the plan in
September 1961, problems with the Atlas Centaur
necessitated a switch to the Atlas Agena B with a
reduced payload. By that time, JPL prepared three
spacecraft based on the design of the Ranger Block
[ series (therefore named Mariner R) to fly by Venus
in late 1962. Each spacecraft carried a modest

suite (9 kilograms) of scientific instrumentation,

but had no imaging capability. The spacecraft
included 54,000 components and was designed to
maintain contact with Earth for 2,500 hours—an
ambitious goal given that the (still unsuccessful)
Ranger was designed for only 65 hours contact.
Mariner I would have flown by Venus at range of
29,000 kilometers on 8 December 1962 but due to
an incorrect trajectory during launch, at T+294.5
seconds, range safety sent a signal to destroy the
Atlas Centaur booster and its payload. The fail-
ure was traced to a guidance antenna on the Atlas
as well as faulty software in its onboard guidance
program, which was missing a single superscript
bar. The press described it as “the most expensive

hyphen in history.”

[Venera, 2MV-1 no. 3]

Nation: USSR (14)

Objective(s): Venus impact

Spacecraft: 2MV-1 (no. 3)

Spacecraft Mass: 1,097 kg (350 kg impact capsule)
Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. T103-12)
Launch Date and Time: 25 August 1962 / 02:56:06 UT
Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

I. magnetometer

2. scintillation counter

3. gas discharge Geiger counters
4. Cherenkov detector

5. ion traps

6. cosmic wave detector

7. micrometeoroid detector

Impact Probe:

1. temperature, pressure, and density sensors
2. chemical gas analyzer

3. gamma-ray detector
4

. Mercury level wave motion detector



Results: This was the first of a second generation
of Soviet deep space probes based on a unified
platform called 2MV (“2” for the second genera-
tion, “MV” for Mars and Venera) designed to study
Mars and Venus. The series included four vari-
ants with the same bus but with different payload
complements: 2MV-1 (for Venus impact), 2MV-2
(for Venus flyby), 2MV-3 (for Mars impact), and
2MV-4 (for Mars flyby). The buses were basically
similar in design carrying all the essential systems
to support the mission as well as a main engine,
the S5.17 on the two Venus probes, and the S5.19
on the Mars probes. Both had a thrust of 200 kgf
but the former was capable of one firing while the
latter was designed for two. The payloads were
designed in two variants depending on whether the
mission was a flyby mission or an impact mission.
In the former, there was an instrument module,
and in the latter, it carried a 90-centimeter diam-
eter spherical pressurized lander covered by ther-
mal coating; the Venus landers were cooled with
an ammonia-based system, while the Mars land-
ers used a system of air conditioners. Both landers
were sterilized with a special substance on recom-
mendation from the Academy of Sciences’ Insti-
tute of Microbiology. The buses were powered by
solar panels with an area of 2.5 m? capable of pro-
viding 2.6 A. The Venus impact probes were to use
a three-stage parachute system to descend through
the atmosphere. For Venus, the Soviets prepared
three spacecraft for the August—September 1962
launch period, one flyby spacecraft and two land-
ers. This first spacecraft—a flyby plus lander
combination—was successfully launched into
Earth orbit, but the Blok L upper stage cut off its
interplanetary burn after only 45 seconds (instead
of the planned 240 seconds). Later investigation
showed that the stage had been set on a tumbling
motion prior to main engine ignition due to asym-
metrical firing of the solid propellant stabilizing
motors. The spacecraft remained in Earth orbit for

three days before reentering Earth’s atmosphere.

1962

Mariner Il

Nation: USA (15)
Objective(s): Venus flyby
Spacecraft: P-38 / Mariner R-2
Spacecraft Mass: 203.6 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B no. 6/
Atlas D no. 179 / Agena B no. 6902)
Launch Date and Time: 27 August 1962 / 06:53:14 UT
Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:
1. microwave radiometer
2. infrared radiometer
3. ﬂuxgate magnetometer
4

. cosmic dust detector

NASA image showing mission planners receiving data
from Mariner Il in January 1963, about five months after
its launch. Note the reference to current tracking by the
NASA station in South Africa. Credit: NASA
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This 1961 photo shows Dr. William H. Pickering, (center) JPL Director, presenting a Mariner spacecraft model to President
John F. Kennedy, (right). NASA Administrator James Webb is standing directly behind the Mariner model. Credit: NASA

5. solar plasma spectrometer

6. energetic particle detectors

7. ionization chamber
Results: NASA brought the Mariner R-2 spacecraft
out of storage and launched it just 36 days after the
failure of Mariner I. Mariner II was equipped with
an identical complement of instrumentation as its
predecessor (see Mariner I). The mission proved to
be the first fully successful interplanetary mission
performed by any nation. After a mid-course correc-
tion on 4 September, the spacecraft flew by Venus
at a range of 34,854 kilometers at 19:59:28 UT on
14 December 1962. During a 42-minute scan of
the planet, Mariner Il gathered significant data on
the Venusian atmosphere and surface before con-
tinuing on to heliocentric orbit. The radiometers,
in particular, were able to conduct five scans of the
nightside of the planet, eight across the terminator,
and five on the daylight side. NASA maintained

contact until 07:00 UT on 3 January 1963 when
the spacecraft was 86.68 million kilometers from
Earth, a new distance record for a deep space
probe. The data returned implied that there was no
significant difference in temperature across Venus:
readings from Mariner II's microwave radiometer
indicated temperatures of 216°C (on the dark side)
to 237°C (on the day side). Mariner 1T also found
that there was a dense cloud layer that extended
from 56 to 80 kilometers above the surface. The
spacecraft detected no discernable planetary mag-
netic field, partly explained by the great distance
between the spacecraft and the planet. If in terms
of scientific results, Mariner I was only a modest
success, it still retains the honor of being the very
first successful planetary science mission in his-
tory. NASA elected to stand down the third space-
craft in the series (Mariner R-3) scheduled for the
1964 launch period.



[Venera, 2MV-1 no. 4]

Nation: USSR (15)

Objective(s): Venus impact

Spacecraft: 2M V-1 (no. 4)

Spacecraft Mass: c. 1,100 kg (370 kg impact capsule)

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no.
T103-13)

Launch Date and Time: 1 September 1962 / 02:12:33
uT

Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

1. magnetometer

2. scintillation counter

3. gas discharge Geiger counters
4. Cherenkov detector

5. ion traps

6. cosmic wave detector

7. micrometeoroid detector

Impact Probe:

1. temperature, pressure, and density sensors

2. chemical gas analyzer

3. gamma-ray detector

4. Mercury level wave motion detector
Results: This was the second of three Venus space-
craft launched by the Soviets in 1962. Like its pre-
decessor launched in August 1962 (also a Venus
impact probe), the spacecraft never left parking
orbit around Earth due to a malfunction in the
Blok L upper stage designed to send the probe
out of Earth orbit towards Venus. The valve that
controlled the delivery of fuel into the combustion
chamber of the Blok L engine (the S1.5400) never
opened. As a result, the engine did not fire. The
payload decayed within five days of launch.

1962

[Venera, 2MV-2 no. 1]

Nation: USSR (16)

Objective(s): Venus flyby

Spacecraft: 2MV-2 (no. 1)

Spacecraft Mass: [unknown]

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no.
T103-14)

Launch Date and Time: 12 September 1962 / 00:59:13
uT

Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

1. magnetometer

2. scintillation counter

3. gas discharge Geiger counters
4. Cherenkov detector

5. ion traps

6. cosmic wave detector

7. micrometeoroid detector

Instrument Module:

I. imaging system

2. ultraviolet spectrometer

3. infrared spectrometer
Results: Like its two predecessors (launched on
25 August and 1 September 1962), this Soviet
Venus probe never left parking orbit around Earth.
The Blok L upper stage designed to send the
spacecraft towards Venus fired for only 0.8 sec-
onds before shutting down due to unstable atti-
tude. Later investigation indicated that the upper
stage had been put into a tumble due to the vio-
lent shutdown (and destruction) of the third stage
(Blok I) between T+530.95 and T+531.03 sec-
onds. The tumble mixed air bubbles within the
propellant tanks preventing a clean firing of the
engine. Unlike its predecessors, this probe was
designed for a Venus flyby rather than atmospheric
entry and impact. The payload reentered two days

after launch.
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RangerV

Nation: USA (16)
Objective(s): lunar impact
Spacecraft: P-36
Spacecraft Mass: 342.46 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B no. 7

/ Atlas D no. 215 / Agena no. 6005)
Launch Date and Time: 18 October 1962 / 16:59:00 UT
Launch Site: Cape Canaveral / Launch Complex 12
Scientific Instruments:

1. imaging system

2. gamma-ray spectrometer

3. single-axis seismometer

4. surface-scanning pulse radio experiment
Results: This was the third attempt to impact the
lunar surface with a Block TT Ranger spacecraft. On
this mission, just 15 minutes after normal opera-
tion, a malfunction led to the transfer of power
from solar to battery power. Normal operation never
resumed, and battery power was depleted after

8 hours, following which all spacecraft systems
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Scientific experiments on the Ranger Block Il spacecraft. Credit: NASA
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died. The first mid-course correction was never
implemented, and Ranger V passed the Moon at a
range of 724 kilometers on October 21 and entered
heliocentric orbit. Tt was tracked to a distance of
1,271,381 kilometers. Before loss of signal, the
spacecraft sent back about 4 hours of data from

the gamma-ray experiment.

[Mars, 2MV-4 no. 3]

Nation: USSR (17)
Objective(s): Mars flyby
Spacecraft: 2MV-4 (no. 3 or no. 1)
Spacecraft Mass: c. 900 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no. T103-15)
Launch Date and Time: 24 October 1962 / 17:55:04 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
1. magnetometer
2. 2 scintillation counters
3. 2 gas discharge Geiger counters
4. Cherenkov counter
5. 2ion traps
infrared spectrometer
micrometeoroid sensor

imaging system

o N o

ultraviolet spectrograph

Results: This was the first of three “second
generation” interplanetary probes (two flyby
probes and one impact probe) designed
to reach Mars prepared by the Soviets for
the late 1962 launch period. Because of
the repeated failures of the Blok L upper
stage during deep space missions, engineers
elected to outfit the stage for the Mars
missions with supplementary control and
measurement equipment. As a result, most
of the scientific instruments were deleted
from the Mars spacecraft. The three mis-

sions were primarily technological test
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A mostly accurate model of the Mars 1 spacecraft (of the 2MV-4 type) shown here at the Memorial Museum of
Cosmonautics in Moscow. The main course correction engine, known as S5.19, can be seen on left. Credit: Asif Siddigi

flights rather than scientific missions. In this case,
the Blok L interplanetary stage failed again. Just
17 seconds after trans-Mars injection ignition, the
turbopump of the main engine (the S1.5400A1)
exploded, destroying the payload. The problem was
traced to leaking lubricant. As many as 24 frag-
ments were later tracked in 1,485 x 180-kilome-
ter orbit at 64.8° inclination, the largest of which
reentered on 29 October. The original probe was
designed to fly by Mars on 17 June 1963.

Mars 1

Nation: USSR (18)

Objective(s): Mars flyby
Spacecraft: 2MV-4 (no. 4 or no. 1)
Spacecraft Mass: 893.5 kilograms
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no. T103-16)
Launch Date and Time: | November 1962 / 16:14:06 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
1. magnetometer
2 scintillation counters
2 gas discharge Geiger counters
Cherenkov counter
2 ion traps
infrared spectrometer
micrometeoroid sensor

imaging system

oo Nk wD

ultraviolet spectrograph
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Results: The second of three Soviet spacecraft
intended for the 1962 Mars launch period, Mars
1 was the first spacecraft sent by any nation to fly
past Mars. lts primary mission was to photograph
the surface during a flyby from a range of between
1,000 to 11,000 kilometers. In comparison to its
predecessor, the probe had a slightly different main
engine (the S5.19) than the Venus probes, with a
reduced propellant tank mass. The camera system,
weighing 32 kilograms, included both 35 and 750
mm lenses and used 70 mm film. Tt could take up to
112 frames, stored on film and then to be scanned
for playback to Earth. After successful insertion
into Earth orbit, the Blok L upper stage success-
fully fired the probe towards Mars, but immedi-
ately after engine cutoff, controllers discovered that
pressure in one of the nitrogen gas bottles for the
spacecraft’s attitude control system dropped to zero
(due to incomplete closure of a valve). Before all the
compressed nitrogen was lost, on 6-7 November,
controllers were able to spin the vehicle around the
axis perpendicular to the plane of the solar panels
to enable a backup gyroscope system to keep the
solar panels constantly exposed to the Sun during
the coast phase. Further mid-course corrections,
however, proved impossible. Controllers main-
tained contact with the vehicle until 21 March
1963 when the probe was 106 million kilome-
ters from Earth. According to TASS (on 16 May),
because of the failure of orientation, “the direction
of the station’s antennas toward Earth was upset.”
This anomaly prevented further radio contact after
21 March. Mars 1 silently flew by Mars at a dis-
tance of 197,000 kilometers on 19 June 1963. Prior
to loss of contact, scientists were able to collect
data on interplanetary space (on cosmic ray inten-
sity, Earth’s magnetic fields, ionized gases from the
Sun, and meteoroid impact densities) up to a dis-
tance of 1.24 AUs. The data from Mars 1 (from 20
November 1962 to 25 January 1963) showed that
once past 0.24 AUs, i.c., Earth’s radiation belts, the

intensity of cosmic radiation was virtually constant.

[Mars, 2MV-3 no. 1]

Nation: USSR (19)

Objective(s): Mars impact

Spacecraft: 2MV-3 (no. 1)

Spacecraft Mass: [unknown]

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. T103-17)
Launch Date and Time: 4 November 1962 / 15:35:14 UT
Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

1. magnetometer

2. scintillation counter

3. gas discharge Geiger counters
4. Cherenkov detector

5. ion traps

6. cosmic wave detector

7. micrometeoroid detector

Impact Probe:

1. temperature, pressure, and density sensors

2. chemical gas analyzer

3. gamma-ray detector

4. Mercury level movement detector
Results: This was the third and last of the Soviet
“second generation” Mars attempts in 1962 and
also the only impact lander in the series. During
the trans-Mars injection firing of the Blok L upper
stage, the main engine (the S1.5400A1) prema-
turely shut down after 33 seconds due to a mal-
function in the programmed timer for the stage.
The problem was later traced to excessive vibra-
tions of the second stage during liftoff. These
vibrations also jarred loose a pyrotechnic igniter
from its support, preventing the Blok L from firing.
The spacecraft remained stranded in Earth orbit
and reentered the atmosphere on 5 November.
The probe had been intended to fly by Mars on
21 June 1963.
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[Luna, Ye-6 no. 2]

Nation: USSR (20)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 2)
Spacecraft Mass: 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no.

T103-09)
Launch Date and Time: 4 January 1963 / 08:48:58 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:

1. imaging system

2. gas-discharge counter
Results: This spacecraft was the first “second gener-
ation” Soviet lunar probe (known as Ye-6), designed
to accomplish a survivable landing on the surface
of the Moon. The Ye-6 probes were equipped with
simple 100-kilogram lander capsules (called the
Automatic Lunar Station or Avtomaticheskaya lun-
naya stantsiya, ALS) whose primary objective was
to send back photographs from the lunar surface.
Each egg-shaped ALS was installed on a roughly
cylindrical-shaped main bus. Like the Mars and
Venera deep space probes, the Ye-6 Luna space-
craft were also launched by the four-stage 8K78
(Molniya) booster but modified for lunar missions.
This first Ye-6 probe was designed to cruise for
about three days before landing on the Moon on
7 January at 19:55:10 UT. Like many of its deep
space predecessors, the probe failed to escape Earth
orbit because of a failure in the Blok L trans-lunar

injection stage. There was apparently a failure in a

current converter in the power system of the [-100
instrument container (which controlled both the
Blok L and the spacecraft), which as a result, failed
to issue a command to fire the Blok L engine. The
spacecraft remained in Earth orbit, unacknowl-
edged by the Soviets until 11 January 1963.

[Luna, Ye-6 no. 3]

Nation: USSR (21)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 3)
Spacecraft Mass: 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no. T103-10)
Launch Date and Time: 3 February 1963 /09:29:14 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:

1. imaging system

2. gas-discharge counter
Results: This was the second Soviet attempt to
accomplish a soft-landing on the Moon (planned
for 20:34:04 UT on 6 February). This time, the
spacecraft failed to reach Earth orbit. After launch,
at around T+105.5 seconds, the rocket began to
lose attitude control along the pitch axis, which
spread to the yaw axis after separation from the
core booster. The third and fourth stages (along
with payload) traced an arc and reentered over the
Pacific Ocean near Midway Island. Later inves-
tigation indicated that the [-100 control system
provided incorrect information to the booster’s tra-

jectory control system.
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Luna 4

Nation: USSR (22)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 4)
Spacecraft Mass: 1,422 kilograms
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no. T103-11)
Launch Date and Time: 2 April 1963/ 08:16:38 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:

1. imaging system

2. gas-discharge counter
Results: The third Soviet attempt to perform a lunar
soft-landing (planned for 19:42:37 UT on 5 April)
was the first in which the spacecraft actually left
Earth orbit. During the coast to the Moon, the
spacecraft’s Yupiter-M astronavigation system suf-
fered a major failure (probably related to its thermal
control system) and left the probe in an incorrect
attitude. As a result, Luna 4 was unable to perform
its planned mid-course correction. Although com-
munications were maintained with the spacecraft,
it passed by the Moon at a range of 8,500 kilome-
ters at 01:24 UT on 6 April and eventually entered
heliocentric orbit from its intermediate barycentric
orbit. Data from the gas-discharge counter was
compared with data from Mars 1 to provide fur-
ther clarification to a radiation map of Earth up to
lunar distance. The data showed that the intensity

of cosmic radiation remained “virtually constant”

up to 0.24 AU from the Earth.

Kosmos 21 [Zond]

Nation: USSR (23)

Objective(s): deep space and return to Earth

Spacecraft: 3MV-1A (no. 2, also no. 1)

Spacecraft Mass: c. 800 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. G103-18,
also G15000-17)

Launch Date and Time: 11 November 1963 / 06:23:34
uT

Launch Site: NIIP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

1. radiation detector

2. charged particle detector

3. magnetometer

4. piezoelectric detector

5. LA-2 atomic hydrogen detector

6. Kassiopeya radio telescope

7. RSK-2M ultraviolet and Roentgen solar

radiation experiment
8. VIKT-2 vapor friction technology
experiment
9. plasma engines
Results: This was the first of the Soviet Union’s
“third generation” deep space planetary probes
of the 3MV series. Like the second generation,
Soviet engineers planned four types of the 3MV,
the 3MV-1 (for Venus impact), 3MV-2 (for Venus
flyby), 3MV-3 (for Mars impact), and 3MV-4
(for Mars flyby). The primary difference over the
second generation was vastly improved (and in
many cases doubled) orientation system elements
as well as improved on board propulsion systems.
While these four versions were meant to study
Mars and Venus, the Soviets conceived of two
additional variants of the series, similar but not
identical to the 3MV-1 and 3MV-4 versions, with
the designations 3MV-1A and 3MV-4A. These



“Object-Probes” (ob’yekt-zond) were designed to
verify key technological systems during simpler
missions into deep space and back to Earth. A gov-
ernment decree on March 21, 1963 had approved
two to three such “object-probe” missions, one of
which (a 3MV-1A) was designed to depart from
Earth’s ecliptic (the orbital plane of Earth around
the Sun) out to 12—16 million kilometers from
Earth and then return back to Earth after about
six months when its orbit intersected with that of
Earth again, aided by two mid-course corrections
using its S5.45 main engine. The latter, capable of
two firings, was a lighter version of that used on

the 2MV model with higher specific impulse and

1963

a longer burn time. During this mission, the third
and fourth stages separated abnormally, and after
reaching Earth orbit, ground control lost teleme-
try (at about 06:45:44 UT) from the Blok L upper
stage designed to send the vehicle past the Moon.
As a result, the spacecraft remained stranded in
Earth orbit. The stage’s main engine turbopump
probably exploded upon ignition destroying the
spacecraft. With this mission, the Soviets began
the practice of giving “Kosmos” designations to
obscure the failure of lunar and planetary probes
that remained stranded in Earth orbit. If the space-
craft had successfully departed from Earth orbit, it
would probably have been called “Zond 1.”
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Ranger VI

Nation: USA (17)
Objective(s): lunar impact
Spacecraft: P-53 / Ranger-A
Spacecraft Mass: 364.69 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B no. 8/
Atlas D no. 199 / Agena B no. 6008)
Launch Date and Time: 30 January 1964 / 15:49:09 UT
Launch Site: Cape Kennedy / Launch Complex 12
Scientific Instruments:
1. imaging system (six TV cameras)
Results: This fourth American attempt to lunar
impact was the closest success so far. The space-
craft, the first Block III type vehicle with a suite of
six TV cameras, was sterilized to avoid contaminat-
ing the lunar surface. The series would also serve
as a testbed for future interplanetary spacecraft by
deploying systems (such as solar panels) that could
be used for more ambitious missions. The Block 111
spacecraft carried a 173-kilogram TV unit (replacing
the impact capsule carried on the Block 1T Ranger
spacecraft). The six cameras included two full-scan
and four partial-scan cameras, capable of shooting
300 pictures a minute. Ranger VI flew to the Moon
successfully and impacted precisely on sched-
ule at 09:24:32 UT on 2 February. Unfortunately,
the power supply for the TV camera package had
short-circuited during Atlas booster separation three
days previously and left the system inoperable. The
cameras were to have transmitted high-resolution
photos of the lunar approach from 1,448 kilometers
to 6.4 kilometers range in support of Project Apollo.
Impact coordinates were 9° 24" N /21° 30" E.

[Zond, 3MV-1A no. 4A]

Nation: USSR (24)
Objective(s): Venus flyby
Spacecraft: 3MV-1A (no. 4A, also no. 2)
Spacecraft Mass: 800 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no.
G15000-26)
Launch Date and Time: 19 February 1964 / 05:47:40 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:
1. radiation detector
charged particle detector
magnetometer
piezoelectric detector
LA-2 atomic hydrogen detector
Kassiopeya radio telescope
RSK-2M ultraviolet and Roentgen solar

N e W

radiation experiment

8. VIKT-2 technology experiment

9. plasma engines
Results: This was the second Soviet “Object-Probe”
whose goal was to test systems in interplane-
tary space in preparation for actual landings and
flybys of Venus and Mars. Unlike its predecessor
(see Kosmos 21), it appears not to have carried a
lander. Its mission was to test its propulsion, ther-
mal, and communications systems during a four-
month flight in the direction of Venus to a distance
of about 40 million kilometers. In the event, the
spacecraft failed to reach Earth orbit due to a mal-
function in the launch vehicle’s third stage. Later
investigation indicated that a liquid oxygen leak
through an unpressurized valve (the B4311-O)

37



38

BEYOND EARTH: A CHRONICLE OF DEEP SPACE EXPLORATION, 1958-2016

seal froze propellant in the main pipeline while
the rocket was still on the launch pad. As a result,
the pipeline cracked, leading to an explosion in the

third stage.

[Luna, Ye-6 no. 6]

Nation: USSR (25)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 6)
Spacecraft Mass: c. 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya-M (8K78M no. T15000-20)
Launch Date and Time: 21 March 1964 / 08:14:33 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:

I. imaging system

2. gas-discharge counter
Results: This fourth Soviet attempt to achieve a
soft-landing on the Moon ended in failure when
the spacecraft failed to reach an intermediate orbit
around Earth. During the boost phase, the launch-
er’s third stage engine’s (8D715) main liquid oxygen
valve failed to open when the valve rod broke. As
a result, the engine never achieved full thrust and
eventually cut off prematurely at T+487 seconds.

The spacecraft never reached Earth orbit.

Kosmos 27 [Veneral]

Nation: USSR (26)

Objective(s): Venus impact

Spacecraft: 3MV-1 (no. 5)

Spacecraft Mass: 948 kg (lander: 285 kg)

Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L. (8K78 no.
T15000-27)
Launch Date and Time: 27 March 1964 / 03:24:43 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
Spacecraft Bus:
1. STS-5 gas-discharge counter

2. scintillation counter

3. micrometeoroid detector
4. magnetometer

5. ion traps

6

. LA-2 atomic hydrogen spectrometer
Impact Probe:

RMYV barometer

TIPG thermometer

L-1A radiation detector
microorganism detection experiment
atmospheric composition experiment

R-3 acidity measurement experiment

N e W=

K-2 electro-conductivity experiment
8. DAS-2 luminosity experiment

Results: The probe was the first dedicated 3MV
spacecraft that the Soviets launched (earlier mis-
sions had been of the test “Object-Probe” ver-
sions). It was designed to accomplish atmospheric
entry into Venus followed by descent and impact.
The spacecraft successfully reached Earth orbit
but failed to leave for Venus when the Blok L
upper stage malfunctioned. The upper stage lost
stable attitude due to a failure in the circuit of
the power supply circuit that powered the valves
for the attitude control system; hence, the stage
remained uncontrollable and not ready to initi-
ate a burn to leave Earth orbit. The problem was
traced to a design error rather than one related
to quality control. The spacecraft burned up in
Earth’s atmosphere the following day. If success-
ful, this mission would probably have been given a

“Venera” designation.



Zond 1 [Veneral]

Nation: USSR (27)

Objective(s): Venus impact

Spacecraft: 3MV-1 (no. 4)

Spacecraft Mass: 948 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no.
T15000-28)

Launch Date and Time: 2 April 1964 / 02:42:40 UT

Launch Site: N1IP-5 / Site 1/5

Scientific Instruments:

Spacecraft Bus:

1. STS-5 gas-discharge counter

2. scintillation counter

3. micrometeoroid detector

4. magnetometer

5. ion traps

6. LA-2 atomic hydrogen spectrometer

Impact Probe:

RMV barometer

TIPG thermometer

L-1A radiation detector
microorganism detection experiment
atmospheric composition experiment

R-3 acidity measurement experiment

N A W=

K-2 electro-conductivity experiment
8. DAS-2 luminosity experiment

Results: This was the second dedicated launch
of the 3MV series (not including two “Object-
Probes”). Like its predecessor (see Kosmos 27), it
was also designed for atmospheric entry and then
impact on Venus. Although the probe was success-
fully sent towards Venus, ground controllers faced
a series of major malfunctions in the spacecraft
during its coast to the planet. These malfunctions
included depressurization of the main spacecraft
bus when the glass cover of a Sun-star attitude
control sensor cracked. Additionally, the internal
radio transmitters of the spacecraft were automat-

ically switched on at precisely the wrong time, i.e.,

1964

during depressurization, when the gas discharge
created high-voltage currents that shorted out the
communications system. As a result, communica-
tions had to be conducted through transmitters
on the 290-kilogram pressurized descent module.
Last contact was on 25 May 1964, by which
time, controllers managed to conduct two major
course corrections (at 560,000 and 13—14 mil-
lion kilometers from Earth respectively), the first
time such actions had been performed on a Soviet
interplanetary spacecraft. The second correction,
however, imparted 20 meters/second less velocity
than required, ensuring that the vehicle would not
intersect with Venus. The inert spacecraft eventu-
ally flew by Venus on 19 July 1964 at a range of
110,000 kilometers. The Soviets named the vehicle
“Zond” (the Russian word for “probe”) even though
it was not one of the Object-Probe testbed space-
craft; this was done to disguise the fact that it was
a failed Venus mission. If it had actually succeeded
in its Venus mission, it probably would have been
named “Venera 2.” (Undoubtedly this has confused
historians since this was not an Object-Probe mis-
sion). The Soviets later published some data on

cosmic ray flux measured by Zond 1.

[Luna, Ye-6 no. 5]

Nation: USSR (28)

Objective(s): lunar soft-landing

Spacecraft: Ye-6 (no. 5)

Spacecraft Mass: c. 1,420 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya-M + Blok L. (8K78M no.
T15000-21)

Launch Date and Time: 20 April 1964 / 08:08:28 UT

Launch Site: N1IP-5 / Site 1/5

Scientific Instruments:
1. imaging system

2. gas-discharge counter
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First image of the Moon returned by a Ranger mission (Ranger VIl in 1964). Credit: NASA

Results: This was the fifth Soviet attempt at a lunar
soft-landing. The mission was aborted early, during
the ascent to Earth orbit, when the launch vehicle’s
third stage engine (Blok I) prematurely shut down
after 50 seconds of firing (at T+340 seconds). U.S.
Air Force radars in Turkey apparently monitored
the failed launch. A subsequent investigation indi-
cated that the engine cut off due to loss of power
when a circuit between a battery in the fourth stage
(which powered the third stage engine) and the

[-100 guidance unit was broken.

Ranger VII

Nation: USA (18)

Objective(s): lunar impact

Spacecraft: P-54 / Ranger-B

Spacecraft Mass: 365.6 kg

Mission Design and Management: NASA / |PL



Launch Vehicle: Atlas Agena B (Atlas Agena no. 9 /

Atlas D no. 250 / Agena B no. 6009)
Launch Date and Time: 28 July 1964 / 16:50:07 UT
Launch Site: Cape Kennedy / Launch Complex 12
Scientific Instruments:

1. imaging system (six TV cameras)
Results: Ranger VII, the second of the Block Il
Ranger series, was, after 13 consecutive failures,
the first unequivocal success in U.S. efforts to
explore the Moon. In some ways, it marked a major
milestone in American deep space exploration as
the ratio in favor of successes increased dramati-
cally after this point. After a nominal mid-course
correction on 29 July, Ranger VII approached the
Moon precisely on target two days later. Just fif-
teen minutes prior to impact, the suite of TV cam-
eras began sending back spectacular photos of the
approaching surface to JPLs Goldstone antenna in
California. The last of 4,316 images was transmit-
ted only 2.3 seconds prior to impact at 13:25:49
UT on 31 July 1964. The impact point was at 10°
38" S /20° 36" W on the northern rim of the Sea
of Clouds. Scientists on the ground were more
than satisfied with results; image resolution was,
in many cases, one thousand times better than
photos taken from Earth. Scientists concluded that
an Apollo crewed landing would be possible in the
mare regions of the lunar surface, given their rela-

tive smoothness.

Mariner Il

Nation: USA (19)

Objective(s): Mars flyby

Spacecraft: Mariner-64C / Mariner-C

Spacecraft Mass: 260.8 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena D (Atlas Agena D no. 11/
Atlas D no. 289 / Agena D no. AD68/6931)

Launch Date and Time: 5 November 1964 / 19:22:05 UT

Launch Site: Cape Kennedy / Launch Complex 13

1964

Scientific Instruments:

I. imaging system
cosmic dust detector
cosmic ray telescope
ionization chamber

helium magnetometer

S

trapped radiation detector
7. solar plasma probe

Results: NASA approved two probes for the Mariner-
Mars 1964 project in November 1962. The primary
goal of the two spacecraft, code-named Mariner
C, was to photograph the Martian surface using
a single TV camera fixed on a scan platform that
could return up to 22 frames after an eight-month
journey. During the launch of Mariner 111, the
first of the two probes, the booster payload shroud
failed to separate from the payload. Additionally,
battery power spuriously dropped to zero (at T+8
hours 43 minutes) and the spacecraft’s solar panels
apparently never unfurled to replenish the power
supply. Due to the incorrect mass of the spacecraft
(since the payload shroud was still attached), it
never entered a proper trans-Mars trajectory. The
probe ended up in an unanticipated heliocentric
orbit of 0.983 x 1.311 AU. A later investigation
indicated that the shroud’s inner fiberglass layer
had separated from the shroud’s outer skin, thus

preventing jettisoning.

Mariner IV

Nation: USA (20)

Objective(s): Mars flyby

Spacecraft: Mariner-64D / Mariner-D

Spacecraft Mass: 260.8 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena D (Atlas Agena D no. 12
/ Atlas D no. 288 / Agena D no. AD69/6932)

Launch Date and Time: 28 November 1964 / 14:22:01
uT

Launch Site: Cape Kennedy / Launch Complex 12
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Scientific Instruments:

I. imaging system

2. cosmic dust detector

3. cosmic ray telescope

4. ionization chamber

5. helium magnetometer

6. trapped radiation detector

7. solar plasma probe
Results: The Mariner IV mission, the second of two
Mars flyby attempts in 1964 by NASA, was one of
the great early successes of the Agency, and indeed
the Space Age, returning the very first photos of

another planet from deep space. Using a new all-

metal shroud, the spacecraft lifted off without any

_ , . problems and was successfully boosted towards
On 15 July 1965, Mariner IV transmitted this image of the

Martian surface from 12,600 kilometers away. The pho-  Mars by the Agena D upper stage. A single mid-
tograph shows a 150-kilometer diameter crater. Credit:  course correction on December 5 ensured that

NASAUPL the spacecraft would fly between 8,000 and 9,660

The Mariner IV spacecraft was assembled by engineers and technicians at the Jet Propulsion Laboratory in
Pasadena, California. It is seen here being prepared for a weight test on 1 November 1963. Credit: NASA/JPL



kilometers from the Martian surface. On one of the
scientific instruments, the plasma probe, there was
a component failure making its readings unintelli-
gible although due to a better telemetry rate, some
data was received between January and May 1965.
Additionally, a Geiger tube, one of the two sensors
in the ionization chamber experiment, failed and
stopped returning data in March 1965. Approxi-
mately 40 minutes prior to closest approach (which
was at 01:00:57 UT on 15 July 1965 at a range of
9,846 kilometers), the TV camera began taking the
first of 21 images (plus 22 lines of a 22nd) through
red and green filters. About 1.25 hours after the
encounter, Mariner IV dipped behind the right-
hand side of Mars (as viewed from Earth) in an
occultation experiment in order to refract its radio
signals through the Martian atmosphere. Data
indicated that surface pressure was quite low, i.e.,
future Mars landers would have to be equipped
with retro-rocket engines in addition to parachutes.
The images as well as the occultation experiment
fundamentally transformed the scientific view of
the Red Planet, providing hard data where specula-
tion had previously dominated. The probe detected
daytime surface temperatures at about —100°C.
A very weak radiation belt, about 0.1% of that of
Earth’s, was also detected. The day after the clos-
est encounter, Mariner IV began transmitting its
photos back to Earth. The images clearly showed
Mars to be an ancient Moon-like body with wide-
spread cratering, thus incontrovertibly quashing
any expectations of lost civilizations on the planet.
Given the thin atmosphere, scientists believed that
it was unlikely that Mars harbored any life. NASA
maintained contact with the spacecraft until 1
October 1965 when the probe was 309 million
kilometers from Earth. Two years later, in October
1967, the spacecraft was reactivated for attitude
control tests in support of the Mariner V mission
to Venus that used a similar spacecraft bus. Con-
tact was maintained until 31 December 1967, over

three years after launch.

1964

Zond 2

Nation: USSR (29)

Objective(s): Mars flyby

Spacecraft: 3MV-4A (no. 2)

Spacecraft Mass: 996 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no.
G15000-29)

Launch Date and Time: 30 November 1964 / 13:25 UT

Launch Site: N1IP-5 / Site 1/5

Scientific Instruments:
1. radiation detector (STS-5 scintillation and

gas-discharge counters)

charged particle detector

magnetometer

piezoelectric detector?

Kassiopeya radio telescope

ok W

TyaMV nuclear component of cosmic rays
experiment
7. RSK-2M ultraviolet and Roentgen solar
radiation experiment
8. imaging system

Results: This was the last of three “Object-Probe”
test vehicles launched as part of the third gen-
eration (“3MV”) Soviet interplanetary probes,
and the first intended towards Mars. These were
designed to test out key technologies during deep
space missions. Originally intended to fly in the
April-May 1964 time period, this launch was con-
stantly delayed and then ultimately timed for the
late 1964 Mars opportunity. Besides carrying out
long-distance communications tests and imaging
Earth on the way out into deep space, this vehi-
cle’s trajectory was designed to allow it to inter-
cept Mars (on approximately 6 August 1965) and
become the first probe to enter its atmosphere and
impact on its surface. After successfully enter-

ing a trans-Mars trajectory, ground controllers
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discovered that the probe’s solar panels had not
completely unfurled, depriving the vehicle of full
power. Later investigation indicated that a tug cord
designed to pull the panels free at the moment
of separation from the Block L upper stage had
broken off. Controllers were able to fully open the
panel only on 15 December 1964, after “carrying
out a number of dynamic operations on the sta-
tion” according to the official institutional history,
but by then the time for the first mid-course cor-
rection to fly by Mars had already passed. (Other
reports suggest that even after the panels opened,
they were partially obscured by radiators installed
at the end of the solar panels which had not prop-
erly deployed). Additionally, there had been a fail-
ure in the onboard programmed timer immediately
after trans-interplanetary injection that led to inap-

propriate thermal conditions for the spacecraft

between communications sessions. Before loss
of contact, on 14 December, Zond 2 successfully
fired six plasma electric rocket engines (twice) at
a distance of 5.37 million kilometers from Earth.
They were left “on” for 70 minutes and successfully
maintained orientation of the spacecraft. These
were technology demonstrators for future deep
space missions. (These were actually carried on an
earlier 3MV-1A model, launched on 11 November
1963, but that spacecraft failed to leave Earth orbit
and was named Kosmos 21.) While some Western
sources suggest that contact was maintained with
Zond 2 until 4-5 May 1965, this is highly unlikely.
The silent probe passed by Mars at a range of
650,000 kilometers on 6 August 1965 and entered
heliocentric orbit. The spacecraft returned usable
data on cosmic radio emissions at 210 and 2200

ke/second, up to 8 Earth radii distance from Earth.



1965

Ranger VIl

Nation: USA (21)
Objective(s): lunar impact
Spacecraft: Ranger-C
Spacecraft Mass: 366.87 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Agena B (Atlas Agena B

no. 13 / Atlas D no. 196 / Agena B no. 6006)
Launch Date and Time: 17 February 1965 / 17:05:00 UT
Launch Site: Cape Kennedy / Launch Complex 12
Scientific Instruments:

1. imaging system (six TV cameras)
Results: As successful as its predecessor, Ranger
VII returned 7,137 high resolution photographs of
the lunar surface prior to lunar impact at 09:57:37
UT on 20 February. Unlike Ranger VII, however,
Ranger VIII turned on its cameras about eight min-
utes earlier to return pictures with resolution com-
parable to Earth-based telescopes (for calibration
and comparison purposes). Controllers attempted
to align the cameras along the main velocity vector
(to reduce imagine smear) but abandoned this
maneuver to allow greater area coverage. There had
also been a spurious loss of telemetry during a mid-
course correction on 18 February that gave rise
for concern, although the mission was completed
successfully. Ranger VIII impacted at 2° 43" N /
24° 38" E, just 24 kilometers from its intended
target point in the equatorial region of the Sea of
Tranquility, an area that Apollo mission planners
were particularly interested in studying as a possi-

ble landing site for future crewed missions.

[Atlas Centaur 5]

Nation: USA (22)

Objective(s): highly elliptical orbit

Spacecraft: SD-1

Spacecraft Mass: 951 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Centaur (AC-5 / Atlas C no.
156D / Centaur C)

Launch Date and Time: 2 March 1965/ 13:25 UT

Launch Site: Cape Kennedy / Launch Complex 36A

Scientific Instruments: [none]

The unsuccessful Atlas Centaur 5 just after launch on
2 March 1965. The rocket carried a Surveyor dynamic test
model known as SD-1. Credit: NASA
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Results: This mission was designed to rehearse a
complete Centaur upper stage burn in support of
the Surveyor lunar lander program. On a nominal
mission, the Centaur would boost its payload on
a direct ascent trajectory to the Moon. On this
test flight, NASA planned to deliver the payload,
a non-functional dynamic model known as SD-1,
into an orbit of 167 x 926,625 kilometers that sim-
ulated a lunar transfer trajectory. During the actual
launch, less than 2 seconds after liftoff, a faulty
valve that incorrectly closed caused both Atlas
main engines to shut down. As a result, the booster
fell back onto the pad and exploded.

Kosmos 60 [Lunal]

Nation: USSR (30)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 9)
Spacecraft Mass: c. 1,470 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no.
G15000-24)
Launch Date and Time: 12 March 1965 /09:25 UT
Launch Site: NIIP-5 / Site 1/5
Scientific Instruments:
1. imaging system
2. SBM-10 radiation detector
Results: Yet another Soviet attempt to soft-land a
Ye-6 probe on the lunar surface ended in failure
when the Blok L upper stage failed to fire for the
trans-lunar injection burn. Instead, the spacecraft
remained stranded in Earth orbit. A later investiga-
tion indicated that there might have been a short
circuit in the electric converter within the 1-100
control system of the spacecraft (which also con-
trolled the Blok L stage) preventing engine igni-
tion. The spacecraft decayed five days later.

| 3
=3

The S1.5400 engine powered the 4th stage known as
the Blok L on Soviet lunar and planetary missions in the
1960s. This engine, capable of firing in vacuum, was the
cause of numerous failures that left Soviet probes strand-
ed in Earth orbit. Credit: T. Varfolomeyev

Ranger IX

Nation: USA (23)

Objective(s): lunar impact

Spacecraft: Ranger-D

Spacecraft Mass: 366.87 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena B (Atlas Agena B no.
14 / Atlas D no. 204 / Agena B no. 6007)

Launch Date and Time: 21 March 1965 /21:37:02 UT

Launch Site: Cape Kennedy / Launch Complex 12



Scientific Instruments:
1. imaging system (six TV cameras)

Results: Ranger X was the final Ranger mission of
the Block 111 series and closed out the program as
a whole. Since both Ranger VII and Ranger VIII
had provided sufficient photographs of the mare
regions (potential landing sites for the early Apollo
missions), Ranger IX was targeted to the more geo-
logically interesting Alphonsus crater in the lunar
highlands, a possible site for recent volcanic activ-
ity. Following a mid-course correction on 23 March,
the spacecraft headed directly to its impact point.
Only 20 minutes prior to impact, Ranger IX began
taking the first of 5,814 pictures from an altitude of
2,100 kilometers. Unlike its predecessors, the cam-
eras this time were aimed directly in the direction
of travel and provided some spectacular shots as
the spacecraft approached the lunar surface. These
pictures were converted for live viewing on com-
mercial TV. Best resolution was up 25-30 centi-
meters just prior to impact. The spacecraft crashed
onto the Moon at 14:08:20 UT on 24 March at
12.83° S /357.63° E, about six-and-a-half kilome-
ters from its scheduled target at a velocity of 2.67

kilometers/second.

[Luna, Ye-6 no. 8]

Nation: USSR (31)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 8)
Spacecraft Mass: c. 1,470 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya-M + Blok L. (8K78M no.
R103-26, also U15000-22)
Launch Date and Time: 10 April 1965 /08:39 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:
1. imaging system
2. SBM-10 radiation detector

1965

Results: This was the seventh consecutive failure
to accomplish a lunar soft-landing by the Soviets.
On this mission, engineers redesigned the prob-
lematic 1-100 control system that had caused most
of the previous failures. Previously the 1-100 unit
had controlled both the Blok L upper stage and the
spacecraft itself. On this mission (and subsequent
Lunas), the fourth stage and the Ye-6 spacecraft had
separate systems. Unfortunately, this probe never
reached Earth orbit. During the launch, depressur-
ization of a nitrogen pipe for the liquid oxygen tank
on the third stage (Blok I) prevented third stage
engine ignition. The spacecraft thus broke up over

the Pacific without reaching Earth orbit.

Lunab

Nation: USSR (32)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 10)
Spacecraft Mass: 1,476 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya-M + Blok L. (8K78M no.
U103-30, also U15000-24)
Launch Date and Time: 9 May 1965 / 07:49:37 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:
I. imaging system
2. SBM-10 radiation detector
Results: Luna 5 became the first Soviet probe to
head for the Moon in two years. Following a mid-
course correction on 10 May, the spacecraft began
spinning around its main axis due to a problem in
a floatation gyroscope in the I-100 control system
unit—the gyroscopes apparently had had too little
time to warm up before being used for attitude con-
trol. A subsequent attempt to fire the main engine
failed due to ground control error. A third attempt
also failed, and having lost control of the spacecraft

due to the gyroscope problem, controllers stood
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by helplessly as Luna 5 crashed on to the surface
of the Moon at 19:10 UT on 12 May in the Sea
of Clouds, about 700 kilometers from its planned
landing point. Landing coordinates were 31° S /
8° W. It was the second Soviet spacecraft to impact
on the Moon (following Luna 2 in 1959).

Luna 6

Nation: USSR (33)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 7)
Spacecraft Mass: 1,442 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya-M + Blok L (8K78M no.

U103-31, also U15000-33)
Launch Date and Time: 8 June 1965 / 07:40 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:

1. imaging system

2. SBM-10 radiation detector
Results: On this ninth Soviet attempt at a lunar
soft-landing, the mission proceeded as planned
until a major mid-course correction late on 9 June.
Although the main retro-rocket engine (the S5.5A)
ignited on time, it failed to cut off and continued
to fire until propellant supply was exhausted. An
investigation later indicated that the problem had
been due to human error; a command had been
mistakenly sent to the timer that ordered the main
engine to shut down. Although the spacecraft was
sent on a completely off-nominal trajectory, ground
controllers put the spacecraft through a series of
steps to practice an actual landing (such as inflat-
ing the airbags, separating the lander, etc.), all of
which were satisfactorily accomplished. Luna 6
passed by the Moon late on 11 June at a range of
161,000 kilometers and eventually entered helio-
centric orbit. Contact was maintained to a distance
of 600,000 kilometers from Earth.

The Zond 3 spacecraft (of the 3MV-4 type) returned higher
resolution pictures, as compared to Luna 3, of the farside
of the Moon in 1965 during a flyby. Credit: Don Mitchell

Zond 3

Nation: USSR (34)
Objective(s): lunar flyby
Spacecraft: 3MV-4 (no. 3)
Spacecraft Mass: 950 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L (8K78 no. U103-32,
also U15000-32)
Launch Date and Time: 18 July 1965 / 14:32 UT
Launch Site: N11P-5 / Site 1/5
Scientific Instruments:
1. imaging system
2. ultraviolet spectrograph
3. ultraviolet and infrared spectrophotometer
4. meteoroid detectors
5. STS-5 scintillation and gas-discharge

counters)



6. magnetometer

7. ion thrusters

8. radio telescope
Results: This “third generation” deep space probe
had originally been slated for a Mars flyby in late
1964 but could not be prepared on time. Instead,
Soviet designers diverted the mission for a simple
lunar flyby in 1965 to test its basic systems and pho-
tograph the farside of the Moon. After a successful
trans-lunar injection burn, Zond 3 approached the
Moon after only a 33-hour flight. Tts imaging mis-
sion began at 01:24 hours on 20 July at a range of
11,600 kilometers from the near side of the Moon
and completed 68 minutes later. Zond 3 carried an
imaging system somewhat similar to the one car-
ried on Automatic Interplanetary Station (“Luna
3"), with onboard exposure, development, fixing,
and drying prior to scanning for transmission to
Earth. The new system, known as 15P52, weighed
6.5 kilograms, was developed by the Moscow-based
NII-885 (as opposed to VNII-380, which devel-
oped the Luna-3 system). In total, the spacecraft
took 25 visual and three ultraviolet images during
its flyby. Closest approach was to 9,220 kilome-
ters. These pictures were successfully transmitted
back to Earth on July 29, nine days after its lunar
encounter when it was 2.2 million kilometers from
Earth. Further communications sessions occurred
on 23 October (involving photo transmissions)
when Zond 3 was 31.5 million kilometers from
Earth. Last contact was sometime in early March
1966 when the spacecraft was 153.5 million kilo-
meters away. During the mission, it photographed
the unseen 30% of the farside of the Moon. Zond 3
also demonstrated successful course corrections
using both solar and stellar orientation, a first for a

Soviet spacecraft.

1965

Surveyor Model 1

Nation: USA (24)

Objective(s): highly elliptical orbit

Spacecraft: SD-2

Spacecraft Mass: 950 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Centaur (AC-6 / Atlas D no.
151D / Centaur D)

Launch Date and Time: 11 August 1965 / 14:31:04 UT

Launch Site: Cape Kennedy / Launch Complex 36B

Scientific Instruments: [none|

Results: This was the second attempt to launch a

dummy Surveyor lunar lander spacecraft into a

barycentric orbit towards a simulated Moon. Unlike

the previous attempt (in March 1965), this time all

systems worked without fault; the Centaur fired

flawlessly and put the Surveyor dynamic model on

a simulated lunar trajectory so precise that it would

have impacted on the Moon without a trajectory

correction. Orbital parameters were 164 x 822,135

kilometers at 28.6° inclination. The payload reen-

tered after 31 days.

Luna 7

Nation: USSR (35)

Objective(s): lunar soft-landing

Spacecraft: Ye-6 (no. 11)

Spacecraft Mass: 1,506 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya-M + Blok L. (8K78M no.
U103-27, also U15000-54)

Launch Date and Time: 4 October 1965 / 07:56:40 UT

Launch Site: NIIP-5 / Site 1/5
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Scientific Instruments:
I. imaging system
2. SBM-10 radiation detector

Results: The first attempt to launch this vehicle
took place at 07:05:36 UT on 4 September 1965
but the launch was aborted due to a problem in
a sensor that measured relative velocity on the
rocket. The subsequent launch a month later
went off successfully and the Blok L upper stage
successfully sent Luna 7 on its way to the Moon.
Unlike its predecessors, Luna 7 successfully car-
ried out its mid-course correction on October 5 on
the way to the Moon, in anticipation of a soft-land-
ing two days later (at the time planned for 2208
UT on 7 October). Unfortunately, immediately
prior to planned retro-fire during the approach
to the lunar surface, the spacecraft suddenly lost
attitude control and failed to regain it. One of its
attitude control sensors—the one designed to lock
on to Earth—stopped functioning, preventing it
from reaching the desired orientation for firing
its retro-engine. Automatic programmed systems
then prevented the main engine from firing. As
controllers observed helplessly, Luna 7 plummeted
to the lunar surface at a very high speed, crashing
at 22:08:24 UT on 7 October west of the Kepler
crater, relatively near to the actual intended target.
Impact coordinates were 9° N /49° W. Later inves-
tigation indicated that the optical sensor of the
Yupiter-M astronavigation system had been set at
the wrong angle and had lost sight of Earth during
the critical attitude control maneuver. It was the

tenth consecutive failure in the Ye-6 program.

Venera 2

Nation: USSR (36)

Objective(s): Venus flyby

Spacecraft: 3MV-4 (no. 4)

Spacecraft Mass: 963 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya-M + Blok L (8K78M no.
U103-42, also U15000-42)
Launch Date and Time: 12 November 1965 / 04:46 UT
Launch Site: NTIP-5 / Site 31/6
Scientific Instruments:
1. triaxial fluxgate magnetometer

. spectrometers

. micrometeoroid detectors

. ion traps

. cosmic radio emission receiver

2

3

4

5

6. radio detector

7. STS-5 gas-discharge and solid-state detectors

8. imaging system

9. infrared spectrometer
10. 2 other spectrometers
Results: Although the 3MV-3 and 3MV-4 type space-
craft were originally intended for Mars exploration,
the Soviets re-equipped three of the series, left over
from the 1964 Mars launch periods, for Venus explo-
ration in 1965. This particular vehicle was sched-
uled to fly past the sunlit side of Venus at no more
than 40,000 kilometers range and take photographs.
About 3 hours after injection into heliocentric orbit,
contact was temporarily lost with the spacecraft, and
although it was regained soon after, the event was
symptomatic of the mission in general during which
communications were generally poor. Before clos-
est approach in late February 1966, ground control
switched on all the onboard scientific instrumenta-
tion. Closest approach to the planet was at 02:52 UT
on 27 February 1966 at about 24,000 kilometers
range. After its flyby, when the spacecraft was sup-
posed to relay back the collected information, ground
control was unable to regain contact. Controllers
finally gave up all attempts at communication on
4 March. Venera 2 eventually entered heliocentric
orbit. Later investigation indicated that improper
functioning of 40 thermal radiator elements caused a
sharp increase in gas temperatures in the spacecraft.
As a result, elements of the receiving and decoding
units failed (and the solar panels overheated), and
contact was lost. Ironically, the scientific instruments
may have collected valuable data, but none of it was

ever transmitted back to Earth.



Venera 3

Nation: USSR (37)
Objective(s): Venus impact
Spacecraft: 3MV-3 (no. 1)
Spacecraft Mass: 969 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya + Blok L. (8K78 no. U103-31,

also U15000-31)
Launch Date and Time: 16 November 1965 / 04:13 UT
Launch Site: NIIP-5 / Site 31/6
Scientific Instruments:

Spacecraft Bus:

1. triaxial fluxgate magnetometer

2. spectrometers

3. SBT-9 cosmic ray sensor

4. ion traps

5. STS-5 gas-discharge and solid-state

detectors

Impact Probe:

1. temperature, pressure, and density sensors

2. chemical gas analysis

3. photometer

4. gamma-ray counter
Results: This was the second of three 3MV space-
craft the Soviets attempted to launch towards Venus
in late 1965. Venera 3 successfully left Earth orbit
carrying a small 0.9-meter diameter 310-kilogram
landing capsule to explore the Venusian atmo-
sphere and transmit data on pressure, temperature,
and composition of the Venusian atmosphere back
to Harth during the descent by parachute. During
the outbound trajectory, ground controllers suc-
cessfully performed a mid-course correction on
26 December 1965 and completed 63 commu-
nications sessions during which scientists on the
ground recorded valuable information. For example,
between 16 November 1965 and 7 January 1966, a
modulation charged particle trap (of the same type
carried on Zond 2), provided valuable data on the

energy spectra of solar wind ion streams beyond the

1965

Earth’s magnetosphere. Contact was, however, lost
on 16 February 1966, shortly before the Venusian
encounter. The spacecraft subsequently automat-
ically released its lander probe which impacted
inertly onto the Venusian surface at 06:56:26 UT
on 1 March 1966, only 4 minutes earlier than
planned. It was the first time a human-made object
made physical contact with another planetary body
other than the Moon. The impact location was on
the night side of Venus, near the terminator, in the
range of —20° to 20° N/ 60° to 80° E. In response to
concern from some American and British scientists,
the Soviet press emphasized that “prior to liftoff,
the descent module was subject to careful steril-
ization, required to dispose of all microorganisms
of terrestrial origin and thus prevent the possibility
of contamination.” Later investigation confirmed
that Venera 3 suffered many of the same failures as
Venera 2, i.e., overheating of internal components

and the solar panels.

Kosmos 96 [Venera]

Nation: USSR (38)

Objective(s): Venus flyby

Spacecraft: 3MV-4 (no. 6)

Spacecraft Mass: c. 950 kg

Mission Design and Management: OKB-1

Launch Vehicle: Molniya + Blok L (8K78 no. U103-
30, also U15000-30)

Launch Date and Time: 23 November 1965 / 03:14 UT

Launch Site: NIIP-5 / Site 31/6

Scientific Instruments:
1. three-component magnetometer

imaging system

solar x-radiation detector

cosmic ray gas-discharge counters

piezoelectric detectors

ion traps

photon Geiger counter

S N R

cosmic radio emission receivers
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A model of the Ye-6-type lunar probe on display at the Memorial Museum of Cosmonauts in Moscow. The package on
‘right” is the lunar lander (the ALS). The three silver balls visible in the foreground are three of the four gas storage bottles
for the attitude control system. The two (of four total) black-and-white nozzles facing left are verniers. The main S5.5A

engine is at the left or aft end of the entire spacecraft. Credit: Asif Siddiqi

Results: This was the third and last spacecraft pre-
pared for a Venus encounter by the Soviets in 1965.
All three spacecraft had originally been intended
for Mars exploration in 1964-1965. In this case,
during coast to Earth orbit, a combustion chamber
in the booster’s third stage engine exploded due to
a crack in the fuel pipeline. Although the payload
reached Earth orbit, the Blok L upper stage was
tumbling and was unable to fire for trans-Venus
trajectory injection. The probe remained stranded
in Earth orbit and the Soviets named it Kosmos 96
to disguise its true mission. The probe decayed on
9 December 1965.

Luna 8

Nation: USSR (39)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 12)
Spacecraft Mass: 1,552 kg
Mission Design and Management: OKB-1
Launch Vehicle: Molniya-M + Blok L. (8K78M no.
U103-28, also U15000-48)
Launch Date and Time: 3 December 1965 / 10:46:14 UT
Launch Site: NIIP-5 / Site 31/6
Scientific Instruments:
I. imaging system
2. SBM-10 radiation detector



Results: This, the tenth Soviet attempt to achieve a
lunar soft-landing, nearly succeeded. The Blok L
upper stage successfully dispatched the probe
towards the Moon. After a successful mid-course
correction at 19:00 UT on 4 December, the space-
craft headed towards its targeted landing site on the
Moon without any apparent problems. Just prior to
the planned retro-fire burn, a command was sent to
inflate cushioning airbags around the ALS lander
probe. Unfortunately, a plastic mounting bracket
appears to have pierced one of the two bags. The
resulting expulsion of air put the spacecraft into
a spin (of 12°second). The vehicle momentar-
ily regained attitude, long enough for a 9-second
retro-engine firing, but then lost it again. Without
a full retro-burn to reduce approach velocity suffi-
cient for a survivable landing, Luna 8 plummeted
to the lunar surface and crashed at 21:51:30 UT on
6 December just west of the Kepler crater. Impact
coordinates were 9° 8 N / 63° 18" W. The Soviet
news agency TASS merely reported that “the sta-
tion’s systems functioned normally at all stages of

the landing except the final one.”

Pioneer VI

Nation: USA (25)
Objective(s): heliocentric orbit
Spacecraft: Pioneer A
Spacecraft Mass: 62.14 kg
Mission Design and Management: NASA / ARC
Launch Vehicle: Thrust Augmented Delta (Thor
Delta E no. 35 / Thor no. 460/DSV-3E)
Launch Date and Time: 16 December 1965 / 07:31:21
uT
Launch Site: Cape Kennedy / Launch Complex 17A
Scientific Instruments:
1. single-axis fluxgate magnetometer
2. plasma Faraday cup
3. electrostatic analyzer
4

. cosmic ray telescope

1965

Pioneer VI was the first in a series of solar-orbiting space-
craft designed to obtain measurements on a continuing
basis of interplanetary phenomena from widely separated
points in space. Credit: NASA

5. cosmic ray anisotropy detector
6. two-frequency beacon receiver
Results: Pioneer VI was the first of several NASA
spacecraft designed for launch at six-month inter-
vals to study interplanetary phenomena in space in
heliocentric orbits similar to that of Earth. These
spacecraft successfully provided simultaneous
scientific measurements at widely dispersed loca-
tions in heliocentric orbit. The so-called Improved
Thrust Augmented Delta launch vehicle’s third
stage burned for 23 seconds to boost Pioneer VI
into heliocentric orbit. Initial solar orbit for the
spacecraft ranged from 0.814 AU (perihelion) to
0.985 AU (aphelion) with a period of 311.3 days.
By 2 March 1966, Pioneer VI had transmitted
about 250 million readings from its six scientific
instruments. In the fall of 1969, JPL and UCLA
scientists reported the results of a solar occultation
performed from 21-24 November 1968. This was
the first time that a spacecraft had been tracked
while passing behind the Sun, allowing scien-
tists, despite an unfavorable signal-to-noise ratio
of data transmission, to examine the solar corona

during this passage. Scientists used instruments
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on Pioneer VI in coordination with those on
Pioneer VII, in November and December 1969,
to measure solar wind particles and carry out
long-distance communications experiments. Five
years after launch, at the end of 1970, Pioneer VI
had orbited the Sun six times, and had passed by
the Sun’s far side (relative to Earth), sending back
new information on the solar atmosphere and reg-
ular solar weather reports. One of the two radio
receivers was still operational, and although some
of the solar cells had been damaged by solar flares,
the spacecraft was still getting sufficient power to
operate satisfactorily. Pioneer VI returned the first
data on the tenuous solar atmosphere and later
recorded the passage of Comet Kohoutek’s tail
in 1974 (in conjunction with Pioneer VIII) from
a range of about 100 million kilometers from the
comet’s nucleus. Along with Pioneers VII, VIII, and
IX, the spacecraft formed a ring of solar weather
stations spaced along Earth’s orbit. Measurements
by the four Pioneers were used to predict solar
storms for approximately 1,000 primary users
including the Federal Aviation Agency, commercial
airlines, power companies, communication compa-
nies, military organizations, and entities involved
in surveying, navigation, and electronic prospect-

ing. By December 1990, Pioneer VI had circled

the Sun 29 times (travelling 24.8 billion kilome-
ters) and had been operational for twenty straight
years—a record for a deep space probe. Its original
slated lifetime had been only six months, achieved
on 16 June 1966. Of the spacecraft’s six scientific
instruments, two (the plasma Faraday cup and
the cosmic ray detector) functioned well into the
1990s. NASA maintained contact with the space-
craft once or twice each year during the 1990s.
For example, one hour’s worth of scientific data
was collected on 29 July and 15 December 1995,
although the primary transmitter failed the follow-
ing year. Soon after, on 31 March 1997, NASA
officially declared the mission complete largely
due to the costs associated with continuing com-
munications sessions. Despite the decision, con-
tact was established with the backup transmitter
on 6 October 1997 as part of a training exercise for
the Lunar Prospector spacecraft. By this point, the
probe’s solar arrays had deteriorated although the
transmitter could still be turned on at perihelion
when the solar flux was strong enough to provide
sufficient power. On 8 December 2000, ground
controllers established successful contact for 2
hours to commemorate the 35th year of operation.
This, however, proved to be the very last contact

made with the probe.
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Luna 9

Nation: USSR (40)

Objective(s): lunar soft-landing

Spacecraft: Ye-6M (no. 202)

Spacecraft Mass: 1,583.7 kg

Mission Design and Management: GSMZ imeni
Lavochkina

Launch Vehicle: Molniya-M + Blok L (8K78M no.
U103-32, also U15000-49)

Launch Date and Time: 31 January 1966 / 11:41:37 UT

Launch Site: N1IP-5 / Site 31/6
Scientific Instruments:

I. imaging system

2. gamma-ray spectrometer

3. KS-17M radiation detector
Results: With this mission, the Soviets accomplished
another spectacular first in the space race, the first
survivable landing of a human-made object on
another celestial body and the transmission of pho-
tographs from its surface. Luna 9 was the twelfth
attempt at a soft-landing by the Soviets; it was also
the first deep space probe built by the Lavochkin
design bureau that would design and build all

future Soviet (and Russian) lunar and interplanetary

A model of the Ye-6-type lunar lander (the ALS) shows its ingenuous “petal” design. In scene |, we see the Luna space-
craft with (1) Automatic Lunar Station (ALS) which is covered by (3) a thermal covering. Ideally, at an altitude of 75 kilome-
ters, the padding (2) around the ALS would be pressurized as we see in scene Il. At a command from the radio-altimeter
located at (4), two side packages (5) from the main bus are jettisoned and the main S5.5A retro engine is turned on. At
a given altitude from the lunar surface, the pressurized ball (7) would be separated from the main bus and would impact
on the surface as shown in scene Ill. The pressurized covering surrounding the ALS would then separate into two parts
(8 and 9) revealing the inner ALS. As shown in scene V, the petals of the lander would then unfurl, stabilizing the main
body of the ALS (14), allowing a small suite of scientific instruments to operate. These included antennae (12 and 15) and

a camera (10). Credit: Nauka i zhizn
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spacecraft. All operations prior to landing occurred
without fault. A 48-second mid-course correction
at 19:29 UT on 1 February some 233,000 kilome-
ters from the Moon directed the probe directly to its
target in the Ocean of Storms. About one hour before
touchdown at a distance of 8,300 kilometers, Luna 9
was put in proper attitude for retro-fire. Just prior to
engine ignition, two side compartments were jetti-
soned, followed by inflation of two shock-absorbing
airbags covering the lander to a pressure of 1 atmo-
sphere. Its main S5.5A engine ignited at an altitude
of 74.885 kilometers above the surface and fired for
48 seconds until the probe was just 260-265 meters
above ground, thus decelerating Luna 9 from 2,600
meters/second to a few meters/second. Just above
the surface, a long boom sensor made contact with
the lunar surface, thus issuing a command to eject
the 58-centimeter spheroid ALS capsule weighing
99.8 kilograms from the main bus. The ALS (still
enclosed in surrounded airbags) landed a few meters
away. The impact time was recorded as 18:45:30 UT
on 3 February 1966 west of the Reiner and Marius
craters in the Ocean of Storms (reported as 7° 8" N /
64° 32" W but closer to 8° N / 64° W). About four
minutes after landing, the airbags split open, and the
petals covering the top of the ALS were deployed.
Precisely four minutes and 10 seconds after touch-
down, Luna 9 began transmitting initial telemetry
data back to Earth, although it would be another
7 hours (at 01:50 UT on 4 February, after the Sun
climbed from 3° to 7° elevation) before the probe
began sending back the first of nine images (including
five panoramas) of the surface of the Moon. The first
panoramic images arrived very early in the morning
in Moscow, and because officials were afraid to wake
up Soviet space program curator Dmitriy Ustinov
(1908-1984) (whose permission was required for
publication in the Soviet media), the first panoramic
images were actually published in the British media
courtesy of Sir Bernard Lovell (1913-2012) at the
Jodrell Bank Observatory who had intercepted and
analyzed the same data. The later images had the
Sun much high up, up to 41°, thus causing the

shadow relief of the images to change. These were

the first images sent back from the surface of another
planetary body. Controllers noticed at one point that
Luna 9's vantage point had slightly shifted over the
sequence of images, possibly caused by the dimin-
ishing water supply of its thermal control system
which changed its weight distribution. This change
in perspective (of about 100 mm) opened up the
possibility of stereo photography of the surface. The
KS-17M radiation detector measured a dosage of 30
millirads per day. Perhaps the most important discov-
ery from the mission was determining that a foreign
object would not simply sink into the lunar dust, i.e.,
that the ground could support a heavy lander. Mis-
sion controllers expected that the last communica-
tions session would be on 5 February (from 16:00
to 17:41 UT) but were pleased to have an additional
one, on 6 February (from 20:37 to 22:55 UT). By the
time contact was lost, controllers had communicated
with Luna 9 over seven communications sessions

lasting 8 hours and 5 minutes.

Kosmos 111 [Lunal]

Nation: USSR (41)

Objective(s): lunar orbit

Spacecraft: Ye-6S (no. 204)

Spacecraft Mass: c. 1,580 kg

Mission Design and Management: GSMZ imeni
Lavochkina

Launch Vehicle: Molniya-M + Blok L (8K78M (no.
N103-41, also U15000-50)

Launch Date and Time: I March 1966 /11:03:49 UT

Launch Site: N1IP-5 / Site 31/6

Scientific Instruments:
1. magnetometer

gamma-ray spectrometer

five gas-discharge counters

two ion traps and a charged particle trap

piezoelectric micrometer detector

infrared detector

NoA v

low-energy x-ray photon counters



Results: [n early 1966, the Soviets hastily put together
an interim lunar orbiter program, the Ye-6S, partly
to upstage the American Lunar Orbiter project, and
partly to commemorate the 23rd Congress of the
Communist Party held in March 1966. Engineers
quickly designed a set of two rudimentary probes
using the old Ye-6 (lander) buses for these mis-
sions. The first of these was prepared in less than a
month but failed to leave Earth orbit. During Earth
orbit operations, the Blok L upper stage lost roll
control and failed to fire to send the probe towards
the Moon. The official Soviet media named the
stranded satellite Kosmos 111 which reentered two

days after launch.

Luna 10

Nation: USSR (42)

Objective(s): lunar orbit

Spacecraft: Ye-6S (no. 206)

Spacecraft Mass: 1,583.7 kg

Mission Design and Management: GSMZ imeni
Lavochkina

Launch Vehicle: Molniya-M + Blok L (8K78M no.
N103-42, also U15000-51)

Launch Date and Time: 31 March 1966 / 10:46:59 UT

Launch Site: NTIP-5 / Site 31/6

Scientific Instruments:
1. SG-59M 3-component magnetometer
2. gamma-ray spectrometer
3. SL-1 radiometer for detecting radiation

near the Moon

D-153 solar plasma detector

RMCh-1 meteorite detector

ID-1 infrared radiation detector

oWk

7. RFL-1 x-ray fluorescence detector
Results: After a mid-course correction on 1 April,
Luna 10, the second and backup model of two
hastily prepared Soviet Ye-6S probes, success-
fully entered lunar orbit two days later at 18:44
UT, thus becoming the first human-made object

1966

to go into orbit around another planetary body. A
248.5-kilogram instrument compartment sepa-
rated from the main bus at 18:45:39 UT which was
in a 350 x 1,016-kilometer orbit inclined at 71.9°
to the lunar equator. The spacecraft carried a set of
solid-state oscillators which had been programmed
to reproduce the notes of the Internationale so that
it could be broadcast live to the 23rd Communist
Party Congress. During a rehearsal on the night of
3 April, the playback went well, but the following
morning, controllers discovered a missing note and
so played the previous night’s tape to the assem-
bled gathering at the Congress, claiming it was a
live broadcast from the Moon. Luna 10 conducted
extensive research in lunar orbit, gathering import-
ant data on the weakness of the Moon’s magnetic
field, radiation belts, and micrometeoroid density.
In 2012, a Soviet scientist made the claim that Luna
10’s achievements included “the first gamma-ray
spectrometer used in the history of space research
to first define the contents of natural radio nuclides
in the lunar soil.” Data from Luna 10 suggested
that Moon rocks were comparable to terrestrial
basalt rocks. Based on data collected by the probe,
Efraim Akim (1929-2010) at the USSR Academy
of Sciences identified the “noncentrality of the
gravitational field of the Moon” which he argued
was “the essential fact determining the evolution of
the orbit of Luna 10,” as reported in an Academy
journal in 1966. Based on Akim’s claim, some
sources incorrectly credit Luna 10 with discovery
of mass concentrations (called “mascons”)—areas
of high density below the mare basins that distort
lunar orbital trajectories. Their discovery, however,
came much later, after the creation of a gravimetric
map of the Moon (albeit at the time, only of the
near side of the Moon). Paul Muller and William
Sjogren published their conclusions in 1968 based
on data from the Lunar Orbiters showing that very
large positive gravity anomalies exist in all of the
circular ringed sea basins on the Moon. The dis-
covery of mascons thus should be credited to them.
Controllers made last contact with Luna 10 on
30 May 1966.
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Surveyor Model 2

Nation: USA (26)
Objective(s): highly elliptical orbit
Spacecraft: SD-3
Spacecraft Mass: 784 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Centaur (AC-8 / Atlas no.
184D / Centaur D)
Launch Date and Time: 8 April 1966 /01:00:02 UT
Launch Site: Cape Kennedy / Launch Complex 36B
Scientific Instruments: [none|
Results: This was a test to launch a dummy Surveyor
lunar lander spacecraft into a barycentric orbit
towards a simulated Moon. Unlike the two pre-
vious Surveyor mass model tests, this flight was
supposed to demonstrate a restart capability for
the Centaur upper stage. The Centaur-Surveyor
combination successfully achieved parking orbit
around Earth (with a first firing), but at the desired
time, when it came time for the second firing, the
Centaur RL-10 engines fired for only a few sec-
onds (instead of 107 seconds). A thrust imbalance
left the payload tumbling and in an incorrect orbit
of 182 x 335 kilometers at 30.7° inclination. The
problem was later traced to a hydrogen peroxide
leak in the ullage motors of the Centaur stage. With
no hope of reaching its ultimate orbit (planned
for 167 x 380,000 km), the payload reentered on
5 May 1966.

Surveyor |

Nation: USA (27)

Objective(s): lunar soft-landing

Spacecraft: Surveyor-A

Spacecraft Mass: 995.2 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Centaur (AC-10 / Atlas D no.

290 / Centaur D)
Launch Date and Time: 30 May 1966 / 14:41:01 UT
Launch Site: Cape Kennedy / Launch Complex 36A
Scientific Instruments:

1. TV camera
Results: In January 1961, NASA selected Hughes
Aircraft Company to build a series of seven
soft-landing vehicles, each weighing about 340
kilograms, to “land gently on the moon, perform
chemical analyses of the lunar surface and subsur-
face and relay back to Earth television pictures of
lunar features.” These vehicles were to be designed
and built under the technical direction of JPL and
launched in the period of 1963-1966. Unlike the
Soviet Luna landers, Surveyor was a true soft-
lander, comprising a three-meter tall vehicle based
on a 27-kilogram thin-walled aluminum triangular
structure with one of three legs at each corner and
a large solid-propellant retro-rocket engine (that
comprised over 60% of the spacecraft’s overall
mass) in the center. The spacecraft was equipped
with a Doppler velocity-sensing system that fed
information into the spacecraft computer to imple-
ment a controllable descent to the surface. Each
of the three landing pads also carried aircraft-type
shock absorbers and strain gauges to provide data
on landing characteristics, important for future
Apollo missions. Surveyor [, the first in the series,
was an unprecedented success. NASA accom-
plished the first true soft-landing on the Moon
on its very first try when the probe landed in the
southwestern region of the Ocean of Storms at
06:17:36 UT on 2 June 1966, just 63.6 hours after
launch from Cape Canaveral. Touchdown coordi-
nates were announced as 2.46° S /43.32° W, just
14 kilometers from the planned target. At landing,
the spacecraft weighed 294.3 kilograms. The initial
panoramic views from the lunar surface indicated
that Surveyor | was resting in a 100-kilometer
diameter crater that contained boulders more than
one meter scattered all around. The photos showed
crestlines of low mountains in the distant horizon.
The lander transmitted 11,240 high-resolution



images over two separate communications sessions
by 6 July. Although the primary mission was com-
pleted by 14 July, NASA maintained contact until
7 January 1967. Without doubt, Surveyor [ was one
of the great successes of NASA’s early lunar and

interplanetary program.

Explorer XXXIll

Nation: USA (28)
Objective(s): lunar orbit
Spacecraft: AIMP-D
Spacecraft Mass: 93.4 kg
Mission Design and Management: NASA / GSFC
Launch Vehicle: Thor Delta E-1 (Thor Delta E-1 no.
39 / Thor no. 467/DSV-3E)
Launch Date and Time: 1 July 1966 / 16:02:25 UT
Launch Site: Cape Kennedy / Launch Complex 17A
Scientific Instruments:
1. ionizing radiation experiment
2. 3-grid Faraday cup / thermal ion experiment
3. 3 GM tubes and a PN junction semicon-
ductor / energetic particle experiment
plasma probe experiment

magnetometer (from Ames)

o vk

magnetometer (from GSFC)

7. solar cell damage experiment
Results: [t was hoped that Explorer XXXIII (33), also
known as the Anchored Interplanetary Monitoring
Platform (AIMP), would become the first U.S.
spacecraft to enter lunar orbit (planned parameters
were 1,300 x 6,440 kilometers at 175° inclina-
tion), but the Thor Delta E-1 second stage accel-
erated too rapidly, ensuring that lunar orbit would
not be possible. Instead mission planners adopted
an alternate mission which required the probe’s
(Thiokol TE-M-458) 35.8 kaf thrust retro-rocket to
fire about 6.5 hours after launch. Under the new
plan, the spacecraft was put into a highly elliptical
Earth orbit of 449,174 x 30,550 kilometers at 28.9°
inclination. In this orbit, Explorer XXXIII was high

1966

enough to be perturbed by the Moon’s gravitation.
In its new orbit, Explorer XXXIII approached the
Moon (on its very first orbit) to a distance of 35,000
kilometers with subsequent close approaches in
September, November, and December 1966 vary-
ing from 40,000 to 60,000 kilometers. During this
time, the probe returned key data on Earth’s mag-
netic tail, the interplanetary magnetic field, and
radiation. In January 1967, Goddard Space Flight
Center engineers used an electric “screwdriver”
to restore power to the spacecraft after a tempo-
rary blackout. The emergency repair was the most
remote repair carried out on a spacecraft to date.
The mission was declared a success by 1 January
1967, although the spacecraft continued to return
useful data until 15 September 1971.

Lunar Orbiter |

Nation: USA (29)
Objective(s): lunar orbit
Spacecraft: LO-A
Spacecraft Mass: 386.9 kg
Mission Design and Management: NASA / LaRC
Launch Vehicle: Atlas Agena D (Atlas Agena D

no. 17 / Atlas D no. 5801 / Agena D no.

ADI121/6630)
Launch Date and Time: 10 August 1966 / 19:26:00 UT
Launch Site: Cape Kennedy / Launch Complex 13
Scientific Instruments:

1. imaging system

2. micrometeoroid detectors

3. radiation dosimeters
Results: The Lunar Orbiter program originated as a
response to the need to obtain one-meter resolu-
tion photographs of potential Apollo landing sites.
NASA planned launches of a series of three-axis
stabilized spacecraft with four solar panels and
a main engine (derived from an Apollo attitude
control thruster) for lunar orbit insertion. The

primary instrument on board was a 68-kilogram

59



60

BEYOND EARTH: A CHRONICLE OF DEEP SPACE EXPLORATION, 1958-2016

Eastman Kodak imaging system (using wide and
narrow-angle lenses) that could develop exposed
film, scan them, and send them back to Earth. In
a twist that was not known until after the end of
the Cold War, the Eastman Kodak camera flown on
the Lunar Orbiters was originally developed by the
National Reconnaissance Office (NRO) and flown
on the Samos E-1 spy satellite. The narrow-angle
pictures taken by this system provided resolution
up to 60 to 80 meters, while the wide-angle photos
showed resolutions up to 0.5 kilometers. Lunar
Orbiter I was launched into a parking orbit around
Earth before its Agena upper stage fired at 20:04
UT to insert it on a translunar trajectory. On the
way to the Moon, the spacecraft’s Canopus star
tracker failed to acquire its target, probably because
the spacecraft’s structure was reflecting too much
light. Flight controllers used a backup method by
using the same sensor, but with the Moon to orient
the vehicle. The vehicle also displayed higher than
expected temperatures but successfully entered a
1,866.8 x 189.1-kilometer orbit around the Moon
on 24 August, thus becoming the first U.S. space-
craft to do so. The spacecraft’s primary mission
was to photograph nine potential Apollo landing
sites, seven secondary areas, and the Surveyor |
landing site. By 28 August, Lunar Orbiter I had
completed its main photography mission, having
exposed a total of 205 frames, of which 38 were
taken in the initial orbit and 167 in lower orbits,
covering an area of 5.18 million km?. As planned, it
photographed all 9 potential Apollo landing sites as
well as 11 sites on the far side of the Moon. Some
of the high-resolution photos were blurred due to
smearing (stemming from problems in the imaging
system), but the medium resolution images were
the best lunar surface images returned to date.
One of the images returned, unplanned but taken
on 23 August, was the first picture of Earth taken
from the vicinity of the Moon. Lunar Orbiter T
began an extended non-photography phase of its
mission on 16 September that was focused on engi-
neering goals, but by 28 October, the spacecraft’s
condition had deteriorated. As such, the day after,

on its 577th orbit, ground controllers commanded
the orbiter to crash onto the lunar surface (at 13:30
UT) to prevent its transmissions from interfering
with future Lunar Orbiters. Impact coordinates
were 6° 42" N /162° E.

Pioneer VIl

Nation: USA (30)
Objective(s): heliocentric orbit
Spacecraft: Pioneer-B
Spacecraft Mass: 62.75 kg
Mission Design and Management: NASA / ARC
Launch Vehicle: Thrust Augmented Improved Delta
(Thor Delta E-1 no. 40 / Thor no. 462/DSV-3E)
Launch Date and Time: 17 August 1966 / 15:20:17 UT
Launch Site: Cape Kennedy / Launch Complex 17A
Scientific Instruments:
1. single-axis fluxgate magnetometer
plasma Faraday cup
electrostatic analyzer

cosmic ray telescope

AR

cosmic ray anisotropy detector

6. two-frequency beacon receiver
Results: Identical to Pioneer VI, Pioneer VII was
put into heliocentric orbit at 1.01 x 1.125 AU with
a period of 402.95 days to study magnetic fields
of solar origin, measure various characteristics of
the solar wind, and distinguish between solar and
galactic cosmic rays. On 17 August 1966, Pioneer
VII flew through Earth’s magnetic tail region at 5.6
million kilometer range from Earth, and discovered
long periods when the solar wind was completely
or partially blocked out, suggesting that its instru-
ments were monitoring the end of an organized tail
region. On 7 September 1968, the spacecraft was
correctly aligned with the Sun and Earth to begin
studying Earth’s magnetic tail. In 1977, 11 years
after its launch, Pioneer VII registered the mag-
netic tail 19.3 million kilometers out, three times
further into space than recorded prior. At 23:36 UT,



on 20 March 1986, the spacecraft flew within 12.1
million kilometers of Halley's Comet—the clos-
est a U.S. spacecraft approached the comet—and
monitored the interaction between the cometary
hydrogen tail and the solar wind. Like Pioneer VI
and Pioneer VIII, NASA maintained intermittent
contact with Pioneer VII in the 1990s, more than
30 years after its mission began (with data returned
from its cosmic ray detector and plasma analyzer in
February 1991, for example). On 31 March 1995,
the plasma analyzer was turned on during 2 hours
of contact with the ground, this being the final con-

tact made with the spacecraft.

Luna 11

Nation: USSR (43)
Objective(s): lunar orbit
Spacecraft: Ye-6LF (no. 101)
Spacecraft Mass: 1,640 kg
Mission Design and Management: GSMZ imeni
Lavochkina
Launch Vehicle: Molniya-M + Blok L. (8K78M no.
N103-43, also N15000-52)
Launch Date and Time: 24 August 1966 / 08:03:21 UT
Launch Site: NIIP-5 / Site 31/6
Scientific Instruments:
1. gamma-ray spectrometer
2. RMCh-1 meteorite detector
3. SL-1 radiometer for measuring radiation
near the Moon
4. RFL-F instrument for detecting x-ray
fluorescence
5. Kassiopeya KYa-4 instrument for measuring
intensity of longwave radio-radiation
6. US-3 spectro-photometer
7. 2 cameras (high and low-resolution)
8. R-1 gear transmission experiment
Results: This subset of the “second generation” Luna
spacecraft, the Ye-6LF, was designed to take the first

photographs of the surface of the Moon from lunar
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orbit. A secondary objective was to obtain data on
gravitational anomalies on the Moon (later identi-
fied by U.S. researchers as “mascons”) also detected
by Luna 10. Using the basic Ye-6 bus, a suite of
scientific instruments included an imaging system
similar to the one used on Zond 3, which was capa-
ble of high- and low-resolution imaging and whose
lenses faced the direction of the S5.5 main engine.
This package replaced the small lander capsule
used on the soft-landing flights. The resolution of
the photos was reportedly 15 to 20 meters. A tech-
nological experiment included testing the efficiency
of gear transmission in vacuum for the future Ye-8
lunar rover (which worked successfully for 5 hours
in vacuum). Luna 11, launched only two weeks
after the U.S. Lunar Orbiter, successfully entered
lunar orbit at 21:49 UT on 27 August about 5 min-
utes earlier than planned. Parameters were 163.5
x 1,193.6 kilometers. Within 3 hours of lunar orbit
insertion, the spacecraft was to be stabilized for its
imaging mission which would include taking 42
frames taken over a 64-minute session. Due to an
off-nominal position of the vehicle, the camera only
took images (64 of them) of blank space. Investiga-
tors determined that a foreign object had probably
been dislodged in the nozzle of one of the attitude
control thrusters. The other instruments functioned
without fault (although no data was returned by the
spectrophotometer) before the mission formally
ended on 1 October 1966 after power supply had
been depleted.

Surveyor Il

Nation: USA (31)

Objective(s): lunar soft-landing

Spacecraft: Surveyor-B

Spacecraft Mass: 995.2 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Centaur (AC-7 / Atlas D no.
194 / Centaur D)
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Launch Date and Time: 20 September 1966 / 12:32:00

uT
Launch Site: Cape Kennedy / Launch Complex 36A
Scientific Instruments:

1. imaging system
Results: Surveyor 11, similar in design to its prede-
cessor, was aimed for a lunar soft-landing in Sinus
Medii. During the coast to the Moon, at 05:00 UT
on 21 September, one of three thrusters failed to
ignite for a 9.8-second mid-course correction, and
as a result, put the spacecraft into an unwanted
spin. Despite as many as 39 repeated attempts to
fire the recalcitrant thruster, the engine failed to
ignite, and Surveyor II headed to the Moon with-
out proper control. Just 30 seconds after retro-fire
ignition at 09:34 UT on 22 September, commu-
nications ceased, and the lander crashed on to
the surface of the Moon at 5° 30" N / 12° W, just
southeast of Copernicus crater.

Luna 12

Nation: USSR (44)
Objective(s): lunar orbit
Spacecraft: Ye-6LLF (no. 102)
Spacecraft Mass: 1,640 kg
Mission Design and Management: GSMZ imeni
Lavochkina
Launch Vehicle: Molniya-M + Blok L (8K78M no.
N103-44, also N15000-53)
Launch Date and Time: 22 October 1966 / 08:42:26 UT
Launch Site: NIIP-5 / Site 31/6
Scientific Instruments:
1. gamma-ray spectrometer
2. RMCh-1 meteorite detector
3. SL-1 radiometer for measuring radiation
near the Moon
4. RFL-F instrument for detecting x-ray
fluorescence
5. Kassiopeya KYa-4 instrument for measuring

intensity of longwave radio-radiation

6. US-3 spectro-photometer

7. 2 cameras (high- and low-resolution)

8. R-1 gear transmission experiment
Results: Luna 12 was launched to complete the
mission that Luna 11 had failed to accomplish,
i.e., take high resolution photos of the Moon’s
surface from lunar orbit. The propulsion system,
now called S5.5A, was redesigned to account for
the failure of Luna 11 but otherwise was almost
identical. Luna 12 successfully reached the
Moon on 25 October 1966 and entered a 103 x
1,742-kilometer orbit. About 2 hours later, the
imaging system was turned on and worked for
64 minutes, returning 28 high resolution and 14
panoramic images. Film was developed, fixed, and
dried automatically and scanned for transmission
to Earth. The Soviet press released the first photos
taken of the surface on 29 October, pictures that
showed the Sea of Rains and the Aristarchus crater.
Resolution was as high as 15-20 meters. No fur-
ther photos were released at the time, although
apparently 42 total images were obtained. After
completing its main imaging mission, Luna 12
was put into a spin-stabilized roll to carry out its
scientific mission which was fulfilled quite suc-
cessfully—the only major failure was of the US-3
spectro-photometer. Contact was finally lost on 19

January 1967 after 302 communications sessions.

Lunar Orbiter Il

Nation: USA (32)

Objective(s): lunar orbit

Spacecraft: LO-B (Spacecraft 5)

Spacecraft Mass: 385.6 kg

Mission Design and Management: NASA / LaRC

Launch Vehicle: Atlas Agena D (Atlas Agena D no. 18/
Atlas D no. 5802 / Agena D no. AD122/6631)

Launch Date and Time: 6 November 1966 /23:21:00 UT

Launch Site: Cape Kennedy / Launch Complex 13



Scientific Instruments:

I. imaging system

2. micrometeoroid detectors

3. radiation dosimeters
Results: Lunar Orbiter II's mission was to photo-
graph 13 primary and 17 secondary landings sites
for the Apollo program in the northern region of
the Moon’s near side equatorial area. After a single
mid-course correction on the way to the Moon,
on 10 November 1966, the spacecraft entered
a 196 x 1,850 kilometer orbit around the Moon.
After 33 orbits, Lunar Orbiter II was moved to its
photographic orbit with a perilune of 49.7 kilome-
ters; on 18 November, it began its photography
mission, returning excellent quality medium and

high-resolution photographs, including the impact
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point of Ranger VIII. The spacecraft ended its pho-
tography mission on 26 November and transmission
of the images was concluded by 7 December, by
which time the probe had transmitted back 211 pic-
tures of both the near side and large areas of the far-
side. These photos covered nearly four million km?
of the lunar surface. The high-gain transmitter failed
during this time, but did not significantly affect the
coverage afforded by the photos. On 23 November,
Lunar Orbiter II took perhaps the most memorable
photo of any in the series, a spectacular shot look-
ing across the Copernicus crater from an altitude
of only 45 kilometers that vividly emphasized the
three-dimensional nature of the lunar surface. On
8 December, after the main photographic mission

was over, Lunar Orbiter IT fired its main engine to

This image was taken on 24 November 1966 by Lunar Orbiter Il from an altitude of 45.7 kilometers from the lunar surface.
It shows very vividly the striking topography within the crater Copernicus. Credit: NASA / LOIRP
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change its orbital plane in order to provide tracking
data of the Moon’s gravitational field over a wider
swath. Finally, on 11 October 1967, when atti-
tude control gas was almost depleted, a retro-burn
deliberately crashed the spacecraft onto the lunar
surface at 4° S / 98° E on the farside to prevent

communications interference on future missions.

Luna 13

Nation: USSR (45)
Objective(s): lunar soft-landing
Spacecraft: Ye-6M (no. 205)
Spacecraft Mass: c. 1,620 kg
Mission Design and Management: GSMZ imeni
Lavochkina
Launch Vehicle: Molniya-M + Blok L (8K78M no.
N103-45, also N15000-55)
Launch Date and Time: 21 December 1966 / 10:17:08
uT
Launch Site: N11P-5 / Site 1/5
Scientific Instruments:
1. Two TV cameras
2. ID-3 instrument to measure heat stream
from surface
3. GR-1 penetrometer
4. RP radiation densitometer
5. KS-17MA instrument for corpuscular
radiation
6. DS-1 Yastreb instrument to register loads
on landing
Results: Luna 13 became the second Soviet space-
craft to successfully soft-land on the surface of
the Moon. It began its mission by entering an ini-
tial Earth orbit of 223 x 171 kilometers at 51.8°
inclination. The Blok L upper stage soon fired to
send the spacecraft on a trajectory to the Moon.
After a routine course correction on 22 December,
Luna 13 began its approach to our only natural sat-
ellite. The retro-rocket engine fired at 17:59 UT

on 24 December about 70 kilometers above the

surface. Within two minutes, by 18:01 UT, Luna
13 was safely on the lunar surface, having landed
in the Ocean of Storms between the Krafft and
Seleucus craters at 18° 52" N / 62° 04" W, some
440 kilometers from Luna 9. The first signal from
the probe was received at 18:05:30 UT. Unlike its
predecessor, the heavier Luna 13 lander (113 kilo-
grams) carried a suite of scientific instruments in
addition to the usual imaging system. A three-axis
accelerometer within the pressurized frame of the
lander recorded the landing forces during impact to
determine the regolith structure down to a depth of
20-30 centimeters. A pair of spring-loaded booms
(not carried on Luna 9) capable of extending 1.5
meters beyond the lander, was also deployed. One
of these was equipped with the RP radiation den-
sitometer for determining the composition of the
lunar surface, and the other with the GR-1 pen-
etrometer to investigate the mechanical strength
of the soil. At 18:06 UT, a small solid-propellant
motor fired and forced the GR-1 instrument, a
3.5-centimeter diameter titanium-tipped rod, into
the lunar surface. The instrument recorded how
fast and how far into the soil (4.5 centimeters) the
probe penetrated, thus helping scientists gain valu-
able information for future landers. At the same
time, the RP densitometer emitted gamma quanta
from a cesium-137 sample into the soil. The result-
ing scattering was then recorded by three indepen-
dent pickups to provide an estimate of the density
of the soil, found to be about 0.8 g/cm?. In addi-
tion, four radiometers recorded infrared radiation
from the surface indicating a noon temperature of
117+3°C while a radiation detector indicated that
radiation levels would be less than hazardous for
humans. The lander returned a total of five pan-
oramas of the lunar surface, showing a terrain
smoother than that seen by Luna 9. One of the two
cameras (intended to help return stereo images)
failed but this did not diminish the quality of the
photographs. A fully successful mission concluded
with a last communications session between 04:05
UT and 06:13 UT on 28 December when the

onboard batteries were exhausted.
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Lunar Orbiter Il

Nation: USA (33)
Objective(s): lunar orbit
Spacecraft: LO-C (Spacecraft 6)
Spacecraft Mass: 385.6 kg
Mission Design and Management: NASA / LaRC
Launch Vehicle: Atlas Agena D (Atlas Agena D

no. 20 / Atlas D no. 5803 / Agena D no.

ADI128/6632)
Launch Date and Time: 5 February 1967 / 01:17:01 UT
Launch Site: Cape Kennedy / Launch Complex 13
Scientific Instruments:

1. imaging system

2. micrometeoroid detectors

3. radiation dosimeters
Results: Lunar Orbiter Il was the final Lunar
Orbiter mission to study potential Apollo landing
sites although its mission was focused on “site con-
firmation” rather than “site search.” For the mission,
the spacecraft’s orbital inclination was increased to
21° to ensure photography both north and south
of the lunar equator. Building on the stereo pho-
tography taken by Lunar Orbiter 11, the third mis-
sion was focused on making two “footprints” of the
same area on two successive orbits. Lunar Orbiter
I11 was also designed to obtain precision trajectory
information for defining the lunar gravitational
field, measure micrometeoroid flux, and measure
radiation dosage levels around the Moon. The
spacecraft arrived in lunar orbit after a 9 minute

2.5 second engine burn on 8 February 1967 after a

single mid-course correction. Initial orbital param-
eters were 210.2 x 1,801.9 kilometers at 20.93°
inclination. About four days later, the spacecraft
entered its operational 55 x 1,847-kilometer orbit
at 20.9° inclination. At the time, Lunar Orbiter 11
was still in operation around the Moon, thus pro-
viding key experience for NASA's ability to track
and communicate with two simultaneous space-
craft around the Moon. Lunar Orbiter I1T began its
photographic mission on 15 February. The space-
craft exposed 211 (out of a possible 212) frames
of pictures by the time that imaging concluded on
23 February. Soon, the spacecraft began to “read
out” the images to the ground but this activity
suddenly stopped on 4 March due to a problem
with the film advance mechanism in the read-
out section of the imaging system. As such, only
182 images were returned—72 others were never
read out to the ground. Despite the glitch, Lunar
Orbiter wholly fulfilled its original mission objec-
tives, returning images of 15.5 million km? of the
near side and 650,000 km? of the farside. One of
its images showed the Surveyor II lander on the
lunar surface. On 30 August 1967, ground control-
lers commanded the vehicle to circularize its orbit
to 160 kilometers in order to simulate an Apollo
trajectory. Later, on 9 October 1967, the probe was
intentionally crashed onto the lunar surface at 14°
36" N /91° 42" W. The photographs from the first
three Lunar Orbiters allowed NASA scientists to
pick eight preliminary landing sites for Apollo by
early April 1967, including site 2 in the Sea of
Tranquility where Apollo 11 would land and site 5
in the Ocean of Storms where Apollo 12 (and also
Surveyor 1) would disembark.
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Astronaut Alan L. Bean of Apollo 12 inspecting the remains
of the Surveyor Ill craft in November 1969. Surveyor land-
ed on the Moon on 20 April 1967. In the background, the
Apollo 12 Lunar Module Intrepid is visible. Credit: NASA

Surveyor lll

Nation: USA (34)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-C
Spacecraft Mass: 997.9 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Centaur (AC-12 / Atlas D no.
292 / Centaur D)
Launch Date and Time: 17 April 1967 / 07:05:01 UT
Launch Site: Cape Kennedy / Launch Complex 36B
Scientific Instruments:
1. TV camera
2. surface sampler
Results: Surveyor TIT was the third engineering flight
of the series, but for the first time carried a sur-

face-sampling instrument that could reach up to 1.5

meters from the lander and dig up to 18 centimeters
deep. Unlike the previous Surveyors, Surveyor 11
began its mission from parking orbit around Earth
with a burn from the Centaur upper stage, now
capable of multiple firings. During the descent to the
lunar surface, highly reflective rocks confused the
lander’s descent radar, and the main engine failed to
cut off at the correct moment at about 4.3-meters
altitude. As a result, Surveyor 11T bounced off the
lunar surface twice, the first time to a height of 10
meters and the second time, to 3 meters. The third
time, the lander settled down to a soft-landing at
00:04:17 UT on 20 April 1967 in the south-eastern
region of Oceanus Procellarum at 3.0°S/23.41° W.
Less than an hour after landing, the spacecraft began
transmitting the first of 6,326 TV pictures of the
surrounding areas. The most exciting experiments
of the mission included deployment of the surface
sampler for digging trenches, making bearing tests,
and manipulating lunar material in the view of the
TV system. Via commands from Earth, it dug four
trenches, and performed four bearing tests and thir-
teen impact tests. Based on these experiments, sci-
entists concluded that lunar soil had a consistency
similar to wet sand, with a bearing strength of 0.7
kilograms/cm?, i.e., solid enough for an Apollo Lunar
Module. The lander’s TV camera consisted of two 25
and 100 mm focal length lenses and was mounted
under a mirror that could be moved horizontally and
vertically. It took about 20 seconds to transmit a
single 200-line picture of the surface. The camera
was also capable of 600-line images which used dig-
ital picture transmission. Last contact was made on
4 May 1967, two days after the lunar night began.
More than three years later, on 18 November 1969,
Apollo 12 astronauts Charles Conrad, Jr. and Alan
L. Bean landed the Intrepid Lunar Module approx-
imately 180 meters from the inactive Surveyor 111
lander. During their second extra-vehicular activity
(EVA) on 19 November, the astronauts walked over
to Surveyor III and recovered parts, including the
soil scoop and camera system, to allow scientists to
evaluate the effects of nearly two-and-a-half years of

exposure on the Moon’s surface.



Lunar Orbiter IV

Nation: USA (35)
Objective(s): lunar orbit
Spacecraft: LO-D (Spacecraft 7)
Spacecraft Mass: 385.6 kg
Mission Design and Management: NASA / LaRC
Launch Vehicle: Atlas Agena D (Atlas Agena D

no. 22 / Atlas D no. 5804 / Agena D no.

ADI131/6633)
Launch Date and Time: 4 May 1967 / 22:25:00 UT
Launch Site: Cape Kennedy / Launch Complex 13
Scientific Instruments:

1. imaging system

2. micrometeoroid detectors

3. radiation dosimeters
Results: Lunar Orbiter IV was the first in the series
dedicated to scientific surveys of the Moon. Its
goal was to acquire contiguous photographic cov-
erage of the lunar surface of at least 80% of the
near side at 50—100-meter resolution. After a mid-
course correction on 5 May 1967, Lunar Orbiter
IV fired its engine at 15:08 UT on 8 May to insert
the spacecraft into an initial lunar polar orbit of
6,111 x 2,706 kilometers at 85.5° inclination, thus
becoming the first spacecraft to go into polar orbit
around the Moon. Orbital period was about 12
hours. The spacecraft began its photographic mis-
sion at 15:46 UT on 11 May. A potentially serious
problem threatened the mission when on 13 May,
controllers found a problem with a camera thermal
door that failed to close, leaking light onto exposed
images. They were able to devise a fix that worked
and the spacecraft continued its imaging mission.
During its two-month mission, Lunar Orbiter 1V
took pictures of 99% of the near side and 75% of
the farside of the Moon in a total of 163 frames.
The imaging mission ended on the orbiter’s 34th
orbit due to worsening readout difficulties. For-
tunately, all but 30 of the 163 images collected,

many with a resolution down to 60 meters, were
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successfully transmitted to Earth by 1 June. In
early June, controllers lowered the spacecraft’s
orbit to match that of Lunar Orbiter V so that sci-
entists could collect gravitational data in support of
the latter mission. Before losing contact on 17 July,
Lunar Orbiter IV took the first photos of the lunar
south pole and discovered a 240-kilometer long
crustal fault on the farside. Since contact was lost
before controlled impact, the spacecraft naturally
crashed onto the Moon on 6 October 1967 due to

gravitational anomalies.

Kosmos 159 [Lunal]

Nation: USSR (46)

Objective(s): highly-elliptical orbit around Earth

Spacecraft: Ye-6LS (no. 111)

Spacecraft Mass: 1,640 kg

Mission Design and Management: GSMZ imeni
Lavochkina

Launch Vehicle: Molniya-M + Blok L (8K78M no.
Ya716-56, also N15000-56)

Launch Date and Time: 16 May 1967 / 21:43:57 UT

Launch Site: N1IP-5 / Site 1/5

Scientific Instruments: [none]

Results: This spacecraft was a one-off high apogee

Earth satellite developed to acquire data on new

telecommunications systems for upcoming crewed

missions to the Moon. Besides a usual complement

of telemetry and communications equipment, the

vehicle also carried a transceiver as part of the

long-range communications system (Dal'nyy radio-

kompleks, DRK) and the BR-9-7 telemetry system,

equipment designed to work with the new Saturn-

MS-DRK ground station located near the village

of Saburovo, about 10 kilometers from NIP-14, a

station, close to Moscow, belonging to the Soviet

ground-based tracking network. The spacecraft

was similar to Luna 11 but had a slightly length-

ened (by 15 cm) instrument container so as to

accommodate the modified DRK and new BR-9-7

67



68

BEYOND EARTH: A CHRONICLE OF DEEP SPACE EXPLORATION, 1958-2016

telemetry systems. Mission designers had planned
to send the probe into a highly elliptical orbit with
an apogee of 250,000 kilometers, but the Blok L.
upper stage cut off too early. Instead, the space-
craft, named Kosmos 159, entered a lower orbit
of 380 x 60,600 kilometers at 51.5° inclination.
Despite the incorrect orbit, controllers were able
to accomplish the original mission, carried out
over a period of nine days during which it was
discovered that the energy potential of the UHF
downlink from the spacecraft to the ground was
1-2 orders magnitude below the calculated value.
Kosmos 159 reentered Earth's atmosphere on
11 November 1967.

Venera 4

Nation: USSR (47)

Objective(s): Venus impact

Spacecraft: V-67 (1V no. 310)

Spacecraft Mass: 1,106 kg

Mission Design and Management: GSMZ imeni

Lavochkina
Launch Vehicle: Molniya-M + Blok VL (8K78M no.
Ya716-70, also Yal5000-70)
Launch Date and Time: 12 June 1967 /02:39:45 UT
Launch Site: N1IP-5 / Site 1/5

A model of the 1-meter diameter landing capsule of Venera 4 on display at the Memorial Museum of Cosmonautics in

Moscow. Credit: Asif Siddiqgi



Scientific Instruments:
Lander:
1. MDDA altimeter
2. G-8 and G-10 gas analyzers
3. TPV densitometer and thermometer
4. barometer
Bus:
SG-59M triaxial magnetometer
4 ion traps
STS-5 gas discharge counter
radiation detectors

SBT-9 gas discharge counter

A e

KS-18-2M cosmic ray particle counters
7. LA-2 spectrometer

Results: Venera 4 was the first spacecraft to transmit
data from a planet’s atmosphere. Tt was also the first
Venus probe built by the Lavochkin design bureau,
although Lavochkin engineers retained the basic
design layout of the earlier 3MV probes built under
Chief Designer Sergey Korolev (1907-1966). The
spacecraft consisted of a main bus about 3.5 meters
high and a 383-kilogram lander probe designed to
transmit data as it descended through the Venusian
atmosphere. This capsule could endure loads as
high as 300 ¢'s and land on both land and liquid.
For atmospheric entry it was equipped with a thick
ablative heatshield. Launch, for the first time, used
an upgraded Blok L (4th stage), the Blok VL. After
a mid-course correction on 29 July 1967, Venera 4
approached Venus on 18 October. About 2 hours
before arrival at Venus, at a distance of 45,000 kilo-
meters, on command from Earth, the spacecraft
was properly oriented for entry. The bus released
the lander at 04:34 UT, and the latter entered the
Venusian atmosphere at a velocity of 11 kilometers/
second. The bus returned data for some time before
being destroyed in the atmosphere. The lander,
meanwhile experienced as much as 300 g¢'s and
reduced its speed to 210 meters/second at which
point the parachute system was deployed. Simul-
taneously, the lander began to transmit information

back to Earth. Because the altimeter was designed
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to record pressures only up to 7.3 atmospheres, it
went off-scale rather quickly. Temperature mea-
surements (from 33°C to 262°C) continued to
come back for 93 minutes as the probe slowly
descended through the atmosphere. Initially, Soviet
scientists believed that the probe transmitted until
contact with the surface, announcing that “a cal-
culation of the rate of descent of the station until
termination of transmission of data indicates that
it continued transmitting until it actually touched
the surface of the planet.” Later analysis of data
showed that transmissions ceased at an altitude of
28 kilometers when the high atmospheric pressure
and temperatures damaged the probe. The inert
probe impacted the surface near 19° N /36° E. The
data implied that surface temperatures and pres-
sure were 500°C and 75 atmospheres respectively.
Venera 4's gas analyzers also found that the plan-
et’'s atmosphere was composed of 90-95% carbon
dioxide (with a sensitivity of £7%) with no nitro-
gen, which had previously been assumed would
constitute most of the atmosphere. Data from the
ionizing densitometer showed that cloud cover in
the Venusian atmosphere exists at altitudes below
52 kilometers with the lower boundary at roughly
35 kilometers. The spacecraft bus measured the
planet’'s weak magnetic field and found no ring of
radiation belts. It detected a very weak atmosphere
of atomic hydrogen about 9,900 kilometers above
the planet. Noteworthy was Venera 4’s detection
of the planet’s bow shock, identified a day before
by Mariner V (and later confirmed by Venera 5).
The mission’s importance was underscored when
NASA Administrator James E. Webb (1906-1992)
issued a statement on 18 October 1967, noting
that the landing “represents an accomplishment
any nation can be proud of.” Researchers at NASA
Ames Research Center were particularly interested
in data from Venera 4, especially the effect of plane-
tary atmosphere on the propagation of radio signals
from the spacecraft, in anticipation of future NASA

missions to Venus.
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MarinerV

Nation: USA (36)

Objective(s): Venus flyby

Spacecraft: Mariner-67E / Mariner-E

Spacecraft Mass: 244.9 kg

Mission Design and Management: NASA / JPL

Launch Vehicle: Atlas Agena D (Atlas Agena D
no. 23 / Atlas D no. 5401 / Agena D no.
ADI157/6933)

Launch Date and Time: 14 June 1967 / 06:01:00 UT

Launch Site: Cape Kennedy / Launch Complex 12

Scientific Instruments:
1. ultraviolet photometer

S-band occultation experiment

dual frequency occultation experiment

solar plasma probe

magnetometer

S

trapped radiation detector
7. celestial mechanics experiment

Results: In December 1965, NASA approved a proj-
ect to modify the Mariner IV backup spacecraft
to conduct a closer flyby of Venus than the only
other NASA probe to fly past Venus, Mariner I1.
The primary goal of the mission was to conduct a
radio-occultation experiment (much like Mariner
IV at Mars) to determine atmospheric properties
of Venus. Unlike Mariner 1V, however, Mariner
V did not carry an imaging instrument. Initially,
NASA had planned to send Mariner V on a flyby at
a miss distance of 8,165 kilometers to the surface,
but the Agency altered its plan in favor of a more
modest 75,000-kilometer flyby in order to preclude
the non-sterilized vehicle from crashing into the
planet. After a mid-course correction on 19 June,
Mariner V began transmitting data on Venus on
19 October during its encounter. Closest approach
was at 17:34:56 UT at a range of 4,094 kilome-
ters, much closer than expected due to the course

correction. Mariner V found that although Venus

does not have a magnetic field, the dense daylight
ionosphere produces a bow shock that deflects
the solar wind around the planet. The ultraviolet
photometer detected a hydrogen corona (as found
by the Soviet Venera 4) but no oxygen emission.
Mariner Vs instruments indicated that the planet’s
surface temperature and pressure were 527°C and
75 to 100 atmospheres, respectively—which coun-
tered the Soviet claim that its Venera 4 spacecraft
had managed to transmit from the planet’s surface.
The encounter with Venus deflected the spacecraft
towards the Sun, and Mariner V entered solar orbit
with parameters ranging from 0.579 AU and 0.735
AU. On 4 December 1967, NASA lost contact with
the spacecraft although controllers briefly regained
contact on 14 October 1968. The spacecraft did
not transmit any further telemetry and NASA even-
tually stopped attempts (on 5 November 1968) to
communicate with the vehicle, now in heliocentric
orbit. Planetary scientists reviewed data from both
Mariner V and the Soviet Venera 4 at a conference
at Kitt Peak National Observatory in March 1968,
one of the first major international meetings to dis-
cuss the results of planetary exploration. Scientists
concluded that neither Mariner V or Venera 4 had
been entirely successful in communicating data

about conditions at the planet’s surface.

Kosmos 167 [Veneral

Nation: USSR (48)

Objective(s): Venus impact

Spacecraft: V-67 (1V no. 311)

Spacecraft Mass: c. 1,100 kg

Mission Design and Management: GSMZ imeni
Lavochkina

Launch Vehicle: Molniya-M + Blok VL (8K78M no.
Ya716-71, also Yal5000-71)

Launch Date and Time: 17 June 1967 / 02:36:38 UT

Launch Site: NIIP-5 / Site 1/5



Scientific Instruments:
Lander:
1. MDDA altimeter
2. G-8 and G-10 gas analyzers
3. TPV densitometer and thermometer
4. barometer
Bus:
SG-59M triaxial magnetometer
4 ion traps
STS-5 gas discharge counter
radiation detectors

SBT-9 gas discharge counter

A e

KS-18-2M cosmic ray particle counters
7. LA-2 spectrometer

Results: This identical twin craft to Venera 4
failed to leave Earth orbit when its Blok VL
trans-interplanetary stage failed to fire, because
the engine’s turbopump had not been cooled prior
to ignition. The spacecraft remained stranded in
Earth orbit and reentered on 25 June 1967.

Surveyor IV

Nation: USA (37)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-D
Spacecraft Mass: 1,037.4 kg
Mission Design and Management: NASA / |PL
Launch Vehicle: Atlas Centaur (AC-11 / Atlas D no.
291 / Centaur D)
Launch Date and Time: 14 July 1967 / 11:53:29 UT
Launch Site: Cape Kennedy / Launch Complex 36A
Scientific Instruments:
1. TV camera
2. surface sampler
Results: Like Surveyor I11, Surveyor IV was equipped
with a surface claw (with a magnet in the claw) to
detect and measure ferrous elements in the lunar
surface. The mission appeared successful until
all communications were abruptly lost 2 seconds
prior to retro-rocket cutoff at 02:03 UT on 17 July
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1967 just two-and-a-half minutes before landing
on the Moon. The landing target was Sinus Medii
(Central Bay) at 0.4° N/ 1.33° W. NASA believed
that the solid propellant retro-rocket might have

exploded, destroying the vehicle.

Explorer XXXV / Anchored
International Monitoring Platform 6

Nation: USA (38)
Objective(s): lunar orbit
Spacecraft: AIMP-E
Spacecraft Mass: 104.3 kg
Mission Design and Management: NASA / GSFC
Launch Vehicle: Thor Delta E-1 (Thor Delta E-1 no.

50 / Thor no. 488/DSV-3E)
Launch Date and Time: 19 July 1967 / 14:19:02 UT
Launch Site: Cape Kennedy / Launch Complex 17B
Scientific Instruments:

1. magnetometers

2. thermal ion detector

3. ion chambers and Geiger tubes

4. Geiger tubes and p-on-n junction

5. micrometeoroid detector

6. Faraday cup
Results: Explorer XXXV (35) also known as the
Anchored Interplanetary Monitoring Platform
(AIMP-E or AIMP-6) was designed to study inter-
planetary space phenomena, particularly the solar
wind, the interplanetary magnetic field, dust dis-
tribution near the Moon, the lunar gravitational
field, the weak lunar ionosphere, and the radiation
environment. The spacecraft left Earth on a direct
ascent trajectory and entered lunar orbit on 21 July
1967 after a 23-second burn. The main engine sep-
arated 2 hours later, the spacecraft having entered
an initial elliptical orbit of 800 x 7,692 kilome-
ters at 147° inclination. The spacecraft, similar to
Explorer XXXITI, which had failed to achieve lunar
orbit, found that the Moon has no magnetosphere,

that solar wind particles impact directly onto the
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surface, and that the Moon creates a “cavity” in
the solar wind stream. After six years of successful
operation, the satellite was turned off on 24 June
1973. The lunar satellite later impacted on the
surface, although the precise location remains
unknown. Explorer XXXV was launched by the fif-
tieth Thor Delta booster, of which only three had

failed to date, giving it a success rating of 94%.

Lunar OrbiterV

Nation: USA (39)
Objective(s): lunar orbit
Spacecraft: LO-E (Spacecraft 3)
Spacecraft Mass: 385.6 kg
Mission Design and Management: NASA / LaRC
Launch Vehicle: Atlas Agena D (Atlas Agena D

no. 24 / Atlas D no. 5805 / Agena D no.

ADI159/6634)
Launch Date and Time: 1 August 1967 /22:33:00 UT
Launch Site: Cape Kennedy / Launch Complex 13
Scientific Instruments:

I. imaging system

2. micrometeoroid detectors

3. radiation dosimeters
Results: Lunar Orbiter V was the last in a series
of highly successful missions to map the Moon
for potential landing sites and conduct general
observational surveys. This last mission’s objec-
tives were both photographic (the primary mis-
sion) and non-photographic (the secondary). The
former involved taking additional pictures of Apollo
sites, broad surveys of unphotographed areas of the
farside, imaging the Surveyor landing sites, and
photographic areas of scientific value. The sec-
ondary goals included acquisition of precise tra-
jectory information for improving the definition of
the lunar gravitational field, measurement of the
micrometeoroid flux and radiation dose in the lunar
environment, and helping to prepare the Manned
Space Flight Network for the Apollo missions.

After a single mid-course correction on 3 August,
Lunar Orbiter V entered lunar polar orbit two days
later after an engine firing at 16:48 UT that lasted 8
minutes, 28 seconds. Initial orbital parameters were
194.5 x 6,023 kilometers at 85.01° inclination.
The orbital period was 8.5 hours. Lunar Orbiter
V began its photography mission at 01:22 UT on
7 August before executing a maneuver to bring it to
its operational orbit at 100 x 6,023 kilometers. The
spacecraft photographed 36 different areas on the
near side and mapped most of the farside via a set
of 212 frames until the photography mission ended
on 18 August. These included five potential Apollo
landing sites, 36 science sites, and 23 previously
unphotographed areas of the farside, as well pos-
sible targets for future Surveyor missions. Control-
lers also extensively used the spacecraft to map the
Moon’s gravitational field in order to predict orbital
perturbations on future lunar orbital missions.
The probe also obtained a spectacular high-quality
photo of Earth showing Africa, the Middle Fast,
and parts of Africa at 09:05 UT on 8 August 1967.
A further orbital change on 9 August brought the
orbit down to 1,499.37 x 98.93 kilometers at 84.76°
inclination. Lunar Orbiter V was commanded to
impact on the lunar surface on 31 January 1968,
which it did at 0° N /70° W. In total, the five Lunar
Orbiters photographed 99% of the lunar surface.
Perhaps the most important finding credited to
data from the Lunar Orbiters (and Lunar Orbiter V,
in particular) is the discovery of “mascons” or lunar
mass concentrations under the lunar ringed maria,
first published by JPL researchers P. M. Muller
and W. L. Sjogren in mid-1968.

SurveyorV

Nation: USA (40)

Objective(s): lunar soft-landing
Spacecraft: Surveyor-E
Spacecraft Mass: 1,006 kg



Mission Design and Management: NASA JPL
Launch Vehicle: Atlas Centaur (AC-13 / Atlas 3C no.

5901C / Centaur D-1A)
Launch Date and Time: 8 September 1967 / 07:57:01 UT
Launch Site: Cape Kennedy / Launch Complex 36B
Scientific Instruments:

1. TV camera

2. alpha-scattering instrument

3. footpad magnet
Results: Surveyor V was similar to its predecessor
but the surface sampler from the earlier vehicle
was replaced by an alpha-backscatter instrument
to determine the relative abundance of the chemi-
cal elements in lunar material. In addition, a small
bar magnet was installed on one of the lander’s
footpads to indicate whether the lunar soil had
magnetic properties. Overcoming a near-fatal
helium leak in a pressure regulator, engineers
from JPL and Hughes Aircraft Company (the
prime contractor for the spacecraft) expertly man-
aged to safely land Surveyor V on the surface of
the Moon in the south-eastern region of Mare
Tranquilitatis at 1.42° N / 23.20° E at 00:46:42
UT on 11 September 1967. The malfunction put
the lander about 29 kilometers away from its target
in an angular incline within the slope of rimless
crater. Surveyor V was, however, the most suc-
cessful of the series so far. The lander returned
18,006 photos before lunar night descended on
24 September. Controllers successfully com-
manded the vehicle to take a further 1,000 pho-
tographs during the second lunar day between 15
and 24 October 1967 and the fourth lunar day in
December. In total, 20,018 pictures were trans-
mitted. In a new experiment, on 13 September
controllers fired the main engine for 0.55 seconds
to examine the effects of disturbing the lunar sur-
face. NASA announced that no new craters were
created, nor was there any significant dust cloud
due to the firing. The alpha-scattering instrument
had earlier been activated and found the soil to be
composed of more than half oxygen with various
amounts of silicon and aluminum. Contact was
lost with the lander on 16 December 1967.

1967

[Zond, 7K-L1 no. 4L]

Nation: USSR (49)
Objective(s): circumlunar flight
Spacecraft: 7K-L1 (no. 4L)
Spacecraft Mass: c. 5,375 kg
Mission Design and Management: TsK BEM
Launch Vehicle: Proton-K + Blok D (8K82K no.
229-01 /118824 no. 12L)
Launch Date and Time: 27 September 1967 / 22:11:54
uT
Launch Site: N1IP-5 / Site 81/23
Scientific Instruments: [unknown]
Results: This spacecraft, a 7K-L1 type, was the first
of a series of spacecraft that the Soviets tried to
send on circumlunar missions as part of a larger
project to send two cosmonauts around the Moon.
The program, which was officially approved in
October 1965, involved combining forces between
two of the leading space organizations in the Soviet
Union, those headed by Vasiliy Mishin (1917—
2001) (who provided the 7K-L1 spaceship and the
Blok D translunar injection stage) and Vladimir
Chelomey (1914-1984) (who provided the 3-stage
Proton-K launch vehicle). The 7K-L1 spacecraft
was a stripped-down version of the larger 7K-OK
Soyuz spacecraft intended for Earth-orbital opera-
tions. The proximate goal was to send two cosmo-
nauts around the Moon by the fiftieth anniversary
of the Bolshevik Revolution, in November 1967.
The project moved into a new stage with two tech-
nological flights in Earth orbit in March and April
1967, which involved high-speed reentries. During
this particular launch, the ascent was steady for
61 seconds before diverting from a nominal path,
which activated the emergency rescue system into
action. The 7K-LI descent module immediately
separated from the wandering launch vehicle,
and although the capsule was destabilized at the
moment of separation because of an unexpected

pressure shock, it landed safely in one piece not far
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from wreckage of the booster which was destroyed
at T+97.4 seconds.

Surveyor VI

Nation: USA (41)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-F
Spacecraft Mass: 1,008.3 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Centaur (AC-14 / Atlas 3C no.
5902C / Centaur D-1A)
Launch Date and Time: 7 November 1967 / 07:39:01
uT
Launch Site: Cape Kennedy / Launch Complex 36B
Scientific Instruments:
1. TV camera
2. alpha-scattering instrument
3. footpad magnets
Results: Surveyor VI landed safely on the Moon at
01:01:04 UT on 10 November 1967 in the Sinus
Medii (Central Bay) at coordinates announced as
0.46° N /1.37°W (but probably closer to 0.473° N/
1.427° W). The spacecraft returned 29,952 images
of the lunar surface during less than two weeks
of operation before the onset of lunar night on
24 November, because of which the spacecraft
was placed in hibernation mode on 26 November.
During its initial operations, the alpha-scattering
instrument acquired about 30 hours of data on
the chemical composition of the lunar surface.
Although controllers regained contact briefly on
14 December 1967, primary landing operations
had ceased by this time. Before termination of
operations, on 17 November 1967, Surveyor VI
was commanded to fire its three main liquid pro-
pellant thrusters for 2.5 seconds. As a result, the
lander became the first spacecraft to be launched

from the lunar surface. Surveyor VI lifted up to

about three meters before landing two-and-a-half
meters west of its original landing point. Cameras
then studied the original landing footprints in order
to determine the soil's mechanical properties and
also accomplish some stereo imaging, now that the
source point had been displaced. Surveyor VI also
sent back pictures of the bar magnet at the footpad
allowing investigators to determine the concentra-

tion of magnetic material in the lunar surface.

[Zond, 7K-L1 no. 5L]

Nation: USSR (50)

Objective(s): circumlunar flight

Spacecraft: 7K-L1 (no. 5L)

Spacecraft Mass: c. 5,375 kg

Mission Design and Management: TsK BEM

Launch Vehicle: Proton-K + Blok D (8K82K no.
230-01 / 11S824 no. 13L)

Launch Date and Time: 22 November 1967 / 19:07:59
uT

Launch Site: N1IP-5 / Site 81/24

Scientific Instruments: [unknown]

Results: This was the second Soviet attempt at a

robotic circumlunar mission as part of a larger proj-

ect to send cosmonauts around the Moon. On this

launch, one of the four second stage engines of the

Proton-K rocket failed to ignite at T+125.5 seconds

due to a break in the engine nozzle. The wayward

booster was then destroyed on command from the

ground at T+129.9 seconds. Once again, the emer-

gency rescue system was activated, shooting the

7K-L1 descent module away from the rocket. The

capsule landed by parachute about 80 kilometers

southwest of the town of Dzhezkazgan. The actual

impact was a hard one because of a spurious com-

mand from the altimeter which fired the capsule’s

soft-landing engines at an altitude of 4.5 kilometers

instead of a few meters above the ground.



Pioneer VIII

Nation: USA (42)

Objective(s): heliocentric orbit

Spacecraft: Pioneer-C

Spacecraft Mass: 65.36 kg

Mission Design and Management: NASA ARC

Launch Vehicle: Thrust-Augmented Thor-Delta
(Thor Delta E-1 no. 55/ Thor no. 489 /
DSV-3E)

Launch Date and Time: 13 December 1967 / 14:08 UT

Launch Site: Cape Kennedy / Launch Complex 17B

Scientific Instruments:
1. single-axis fluxgate magnetometer

plasma analyzer

cosmic ray telescope

radio-wave propagation experiment

cosmic ray gradient detector

electric field detector

N e W

cosmic dust detector
8. celestial mechanics experiment

Results: Pioneer VIII, like its two predecessors, was
sent into heliocentric orbit to study interplanetary
space, particularly to carry collect information on
magnetic fields, plasma, and cosmic rays for two
or more passages of solar activity. Although the
spacecraft carried a different complement of sci-
entific instruments than Pioneers VI and VII, its
findings were correlated with the other two probes.
The spacecraft was launched into a path ahead
of Earth to provide the vehicle with added veloc-
ity in solar orbit to move out beyond Earth’s orbit
at 1.0080 x 0.9892. AU. Pioneer VIII arrived at
Earth’s magnetospheric bounds at 19:00 UT on

1967

15 December 1967. Later, on 18 January 1968, the
probe, the Sun, and Earth were perfectly aligned
to allow investigation of Earth’s magnetic tail in
detail, first performed by Pioneer VII in 1968.
Already by June 1968, data from the probe led
scientists to speculate that Farth’s magnetic tail
might be shorter than the 320 million kilometers
suggested by theoretical calculations. Tn August of
the same year, NASA scientists at the Deep Space
Network (DSN) announced that they had man-
aged to quadruple the distance over which signals
from the three solar Pioneers so far launched could
be heard. These improvements were enabled by
changes in the DSN receivers. In October 1982,
Pioneers VIII and 1X came within 2.4 million kilo-
meters of each other, an “encounter” used to reca-
librate Pioneer VIII's damaged plasma instrument.
Controllers  intermittently maintained contact
with the spacecraft for nearly 30 years although
only one instrument, the electric field detector,
remained operational past 1982. During tracking
on 23 July 1995, NASA was unable to switch on
Pioneer VIII's transmitter, probably because the
spacecraft was too far away from the Sun to charge
the solar panels. On 22 August 1996, contact was
reacquired via a backup transmitter. Although
there were no further plans to contact the space-
craft, the on-board electric field detector remained
at least hypothetically functional in 2015, nearly
48 years after launch. The original launch vehicle
also carried a second payload, the Tts I (Test and
Training Satellite I, later renamed Tetr 1), fixed to
the second stage, which was successfully ejected
after the third stage finished firing, and entered an
Earth orbit of 488 x 301 kilometers at 33° inclina-
tion. It reentered on 14 May 1968.
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1968

Surveyor VI

Nation: USA (43)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-G
Spacecraft Mass: 1,040.1 kg
Mission Design and Management: NASA / JPL
Launch Vehicle: Atlas Centaur (AC-15 / Atlas 3C no.

5903C / Centaur D-1A)
Launch Date and Time: 7 January 1968 / 06:30:00 UT
Launch Site: Cape Kennedy / Launch Complex 36A
Scientific Instruments:

1. TV camera

2. alpha-scattering instrument

3. surface sampler

4. footpad magnets

5. stereoscopic and dust detection mirrors
Results: Since Surveyors I, 111, V, and VI successfully
fulfilled requirements in support of Apollo, NASA
opted to use the last remaining Surveyor for a purely
scientific mission outside of a potential landing
site for the early Apollo flights. After an uneventful
coast to the Moon (including one of two planned
mid-course corrections), Surveyor VII successfully
set down at 01:05:36.3 UT on 10 January 1968 on
the ejecta blanket emanating from the bright Tycho
crater in the south of the nearside. Landing coordi-
nates were 40.97° S / 11.44° W, about 29 kilome-
ters north of Tycho’s rim, and 2.4 kilometers from
its target. Initial photos from the surface showed
surprisingly few craters, much like the mare sites,
although the general area was rougher. About 21
hours after landing, ground controllers fired pyro-
technic charges to drop the alpha-scattering instru-

ment on the lunar surface. When the instrument

failed to move beyond an intermediate position,
controllers used the surface sampler (robot arm) to
force it down. The sampler was then used to pick
up the alpha-scattering instrument after its first
chemical analysis and move it to two additional
locations. About 66 hours of alpha-scattering data
were obtained during the first lunar day on three
samples: the undisturbed lunar surface, a Moon
rock, and an area dug up by the surface sampler.
The alpha-scattering instrument collected 34 more
hours of data during the second lunar day. The
scoop on the sampler’s arm was used numerous
times for picking up soil and digging trenches, and
for conducting at least 16 surface-bearing tests.
Apart from taking 21,274 photographs (20,993
on the first lunar day and 45 during the second),
Surveyor VII also served as a target for Earth-
based lasers (of 1 watt power) to accurately mea-
sure the distance between Earth and the Moon.
Communications were paused with Surveyor VII
at 14:12 UT on 26 January 1968, about 80 hours
after sunset. Second lunar day operations began at
19:01 UT on 12 February 1968, and extended to
00:24 UT on 21 February effectively ending the
mission. In total, the five successful Surveyors
returned more than 87,000 photos of the lunar sur-
face and operated for about 17 months total on the
lunar surface, and most important, demonstrated
the feasibility of soft-landing a spacecraft on the
lunar surface. Originally planned as a 7-spacecraft
series, in 1963, NASA added 3 more missions
(Surveyors H, I, and ]) for a total of 10 missions.
These later Surveyors, each weighing 1,134 kilo-
grams (as opposed to the 998-kilogram model),
were, however, canceled in December 1966 based
on the successful results of the Ranger missions,
Lunar Orbiters, and Surveyors already launched
by then.
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[Luna, Ye-6LS no. 112]

Nation: USSR (51)
Objective(s): lunar orbit
Spacecraft: Ye-6LS (no. 112)
Spacecraft Mass: 1,640 kg
Mission Design and Management: GSMZ imeni
Lavochkina
Launch Vehicle: Molniya-M + Blok L (8K78M no.
Ya716-57, also Yal5000-57)
Launch Date and Time: 7 February 1968 /10:43:54 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:
1. SL-2 radiometer
2. IK-2 dosimeter
Results: During launch to Earth orbit, the third stage
(Blok T) engine cut off prematurely at T+524.6 sec-
onds because of an excessive propellant consump-
tion rate via the gas generator. The spacecraft never
reached Earth orbit. The goal of the mission was
to test communications systems in support of the
N1-L3 human lunar landing program. (For more

details, see Kosmos 159 on p. 67).

Zond 4

Nation: USSR (52)

Objective(s): deep space mission

Spacecraft: 7K-L.1 (no. 6L)

Spacecraft Mass: c. 5,375 kg

Mission Design and Management: TsK BEM

Launch Vehicle: Proton-K + Blok D (8K82K no.
231-01 + 115824 no. 14L)

Launch Date and Time: 2 March 1968 / 18:29:23 UT

Launch Site: N1IP-5 / Site 81/23

Scientific Instruments: [unknown]

Results: The Soviets decided to send this next
7K-L1 spacecraft not on a circumlunar flight, but
to about 330,000 kilometers into deep space in
the opposite direction of the Moon in order to test
the main spacecraft systems without the perturb-
ing effects of the Moon, much like the Surveyor
model test flights in 1965-1966. After returning
from its high apogee, the spacecraft would carry
out a high-speed reentry into Earth’s atmosphere
and be recovered and investigated for the effects of
reentry. After launch into Earth orbit, at T+71 min-
utes and 56 seconds, the Blok D upper stage fired
a second time (for 459 seconds) to send the 7K-L1
on a highly elliptical Earth orbit with an apogee of
354,000 kilometers. The Soviet news agency TASS
publicly named the spacecraft “Zond 4,” thus con-
necting the mission with a series of completely
unrelated deep space probes—a typically obfuscat-
ing maneuver from the Soviet media. Controllers
were unable to carry out a mid-course correction at
04:53 UT on 4 March when a star sensor (the 100K)
of the attitude control system failed. A second
attempt also failed the following day and the main
omni-directional antenna also did not deploy fully,
compromising communications. A third attempt at
a correction proved successful, by using a special
filter on the sensor to read signals accurately. After
the spacecraft separated into its two constituent
parts, however, the descent module was unable to
maintain a stable and proper attitude for a guided
reentry, instead moving into a ballistic reentry tra-
jectory, entering the atmosphere at 18:18:58 UT on
9 March. A crew on board would have experienced
about 20 ¢'s but probably would have survived.
However, because the descent module was falling
into an unanticipated area, to prevent “foreign”
observers from recovering the wayward spacecraft,
an automatic emergency destruct system destroyed
the returning capsule at an altitude of 10-15 kilo-
meters over the Gulf of Guinea. For some years,
the official Soviet press claimed that Zond 4 had

entered heliocentric orbit.



Luna 14

Nation: USSR (53)
Objective(s): lunar orbit
Spacecraft: Ye-6LS (no. 113)
Spacecraft Mass: 1,640 kg
Mission Design and Management: GSMZ imeni
Lavochkina
Launch Vehicle: Molniya-M + Blok L (8K78M no.
Ya716-58, also Yal5000-58)
Launch Date and Time: 7 April 1968 / 10:09:32 UT
Launch Site: N1IP-5 / Site 1/5
Scientific Instruments:
1. SL-2 radiometer
2. IK-2 dosimeter
Results: Luna 14 successfully entered lunar orbit at
1925 UT on 10 April 1968. Initial orbital parame-
ters were 160 x 270 kilometers at 42° inclination.
The primary goal of the flight, like its predecessors
(Kosmos 159 and the launch failure in February
1968), was to test communications systems in sup-
port of the N1-L3 piloted lunar landing project. In
addition, ground tracking of the spacecraft’s orbit
allowed controllers to accurately map lunar gravi-
tational anomalies to predict future trajectories of
future lunar missions such as those of the LOK and
LK lunar landing vehicles. Luna 14 also carried sci-
entific instruments to measure radiation near the
Moon, a “tissue dosimeter for studying doses of
ionizing radiation,” as well as technical elements
of the future Ye-8 lunar rover, in particular, the
R-1-1, R-1-11, and R-1-111 gear pairs (both steel and
ceramic), various types of ball bearings with lubri-
cation to test drives, and the M-1 drive shaft. The
mission was slated to last 30 days but spanned 75
days; the entire program was fulfilled as planned,
and allowed designers to make the final selection

for elements of the Ye-8 lunar rover chassis.

1968

[Zond, 7K-L1 no. 7L]

Nation: USSR (54)

Objective(s): circumlunar flight

Spacecraft: 7K-L1 (no. 7L)

Spacecraft Mass: c. 5,375 kg

Mission Design and Management: TsK BEM

Launch Vehicle: Proton-K + Blok D (8K82K no.
232-01 + 115824 no. 15L)

Launch Date and Time: 22 April 1968 /23:01:27 UT

Launch Site: NIIP-5 / Site 81/24

Scientific Instruments: [unknown]

Results: During this third attempt at a circumlunar

mission, the Proton rocket’s second stage engine

spuriously shut down at T+194.64 seconds due

to a false signal from the payload which had erro-

neously detected a problem in the launch 